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ADENOSINE DERIVATIVES 



The present invention relates to novel adenosine derivatives, to processes for 
their preparation, to pharmaceutical compositions containing them and to their 
5 use in medicine. 

Publications in this area include WO 98/16539 (Novo Nordisk A/S) which 
describes adenosine derivatives for the treatment of myocardial and cerebral 
ischaemia and epilepsy; WO 98/04126 (Rhone-Poulenc Rorer Pharmaceuticals 

10 Inc.) which relates to adenosine derivatives possessing antihypertensive, 
cardioprotective, anti-ischaemic and antilipolyBc properties; and WO 98/01459 
(Novo Nordisk A/S) which describes N,9-disubstituted adenine derivatives which 
are substituted in the 4' position by unsubstituted oxazolyl or isoxazolyl and the 
use of such compounds for the treatment of disorders involving cytokines in 

15 humans. 

Thus the invention provides a compound of formula (I) which is an agonist at the 
adenosine A1 receptor 



NH 




(I) 



20 



OR 5 



wherein X represents O or CH* 



25 R 2 represents Cualkyl, C^lkoxy, halogen or hydrogen; 
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R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 membered 
heteroaryl group, d-e alkoxy, C1-6 alkylO(CH 2 )n where n is 0-6, C3-7 cycloalkyl, 
C1-6 hydroxyalkyl, halogen or a Ci* straight or branched alkyl, Ci^ alkenyl or d. 
6 alkynyl group optionally substituted by one or more halogens. 

5 

Y and Z represent O, N. CH, N(C^ alkyl) 
W represents CH, O, N, S, N(Ci-e alkyl) 

and wherein at least one of W and Z represents a heteroatom (and when Y, Z 
and/or W is N, the presence or absence of an additional H would be apparent to 
10 a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y represents 
O, R 3 cannot be H. 

R 4 and R 5 independently represent H or a straight chain or branched alkyl 
15 group. 

R 1 represents hydrogen or a group selected from 

(1) -(alk^ - (C3-7) cycloalkyl, including bridged cycloalkyl, said cycloalkyl group 
20 optionally substituted by one or more substituents selected from OH, halogen, - 

(C1-3) alkoxy, wherein (alk) represents C^ alkytene and n represents 0 or 1 . 

(2) an aliphatic heterocyclic group of 4 to 6 membered rings containing at least one 
heteroatom selected from O, N or S, optionally substituted by one or more 
substituents selected from the group consisting of -<C«)alkyl, -COHCv*)alkyl. - 

25 CO(Ci^alkyl), -S(=OMCi^alkyl), -CONR a R b (wherein R a and R* independently 
represent H or C^alkyl) or =0; where there is a sulfur atom in the heterocyclic 
ring, said sulfur is optionally substituted by (=0)n, where n is 1 or 2. 

(3) Straight or branched Ci. 12 alkyl, optionally including one or more O, S(=0)n 
(where n is 0, 1 or 2) and N groups substituted within the alkyl chain, said alkyl 

30 optionally substituted by one or more of the following groups, phenyl, halogen, 
hydroxy, C3.7 cycloalkyl or NR a R b wherein R 3 and R b independently represent 
hydrogen, C3-7 cycloalkyl or a C1* straight chain or branched alkyl optionally 
substituted by C> 7 cycloalkyl; 
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(4) a fused bicyclic aromatic ring 




wherein B represents a 5 or 6 membered heterocyclic aromatic group containing 
5 1 or more O, N or S atoms, wherein the bicyclic ring is attached to the nitrogen 
atom of formula (I) via a ring atom of ring A and ring B is optionally substituted 
by-C02-(Ci^alkyl). 

(5) a phenyl group optionally substituted by one or more substituents selected from: 

-halogen, -S0 3 H. -(alk)nOH, -<alk)n -cyano, -(0)n -(C^)alkyl (optionally 
10 substituted by one or more halogens), - (alk)n -nitro, -(0)m -<alk)n- C0 2 R c , 
-(alkn)- CONR'R* -(alk)n -COR c , -(alk)„ -SOR e . -(alk)n -S0 2 R e , -(alk)*- 
S0 2 NR c R d , -(alkyDR 0 , -(alk)* -(COW NHSCfeR*. -(alk)n- NHCOR c , ^alk)*- 
NR'ft* wherein m and n are 0 or 1 and alk represents a Ci^alkylene group or 
6 alkenyl group. 

1^6) A phenyl group substituted by a 5 or 6 membered heterocyclic aromatic group, 
said heterocyclic aromatic group optionally being substituted by Ci^alkyl or 
NR'R*. 

R c and R* may each independently represent hydrogen, or C1-3 alkyl or when 
part of a group NR^, R c and R* together with the nitrogen atom may form a 5 
20 or 6 membered heterocyclic ring optionally containing other heteroatoms, which 
heterocyclic ring may optionally be substituted further by one or more Ci^ alkyl 
groups. 

R e represents Ci_ 3 alkyl 

and salts and solvates thereof, in particular, physiologically acceptable solvates 
25 and salts thereof for use in therapy. 



Preferably the compound is of formula (la) 
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wherein X represents O or CH^ 

5 

R 2 represents Chalky!, Ci^alkoxy, halogen or hydrogen; 

R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 membered 
heteroaryl group, Ci^ alkoxy, Ci^ straight or branched alkyt optionally 
10 substituted by one or more halogens, C3.7 cycloalkyl, d_6 hydroxyalkyl or 
halogen. 

Y and Z represent O, N, CH 
W represents CH, O, N, S 
15 and wherein at least one of W and Z represents a heteroatom (and when Y, Z 
and/or W is N, the presence or absence of an additional H would be apparent to 
a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y represents 
O, R 3 cannot be H. 

20 

R 4 and R 5 independently represent H or a Ci^ straight chain or branched alkyl 
group. 

R 1 represents a group selected from 

25 
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(1) -(alk>, - (C3.7) cycloalkyl, including bridged cyctoalkyl, said cycloalkyl group 
optionally substituted by one or more substituents selected from OH. halogen, - 
(Ci-a) alkoxy, wherein (alk) represents C1.3 alkylene and n represents 0 or 1. 

(2) an aliphatic heterocyclic group of 4 to 6 membered rings containing at least one 
5 heteroatom selected from O. N or S. optionally substituted by one or more 

substituents selected from the group consisting of-(Cij)alkyl, -C02-(Ci^)alkyl, - 
CO(Ci^alkyl). -S(=OMCi^alkyl). -CONFER 6 (wherein R a and R b independently 
represent H or C n ^alkyl) or =0; where there is a sulfur atom in the heterocyclic 
ring, said sulfur is optionally substituted by (=0)n, where n is 1 or 2. 

1Q3) Straight or branched C1-12 alky), optionally including one or more O, S(=0)n 
(where n is 0, 1 or 2) and N groups substituted within the alkyl chain, said alkyl 
optionally substituted by one or more of the following groups, phenyl, halogen, 
hydroxy, C3.7 cycloalkyl or NRV wherein R 3 and R* independently represent 
hydrogen. C3.7 cycloalkyl or a C« straight chain or branched alkyl optionally 

1 5 substituted by C3.7 cycloalkyl; 

(4) a fused bicyclic aromatic ring 




wherein B represents a 5 or 6 membered heterocyclic aromatic group containing 
20 1 or more O. N or S atoms, wherein the bicyclic ring is attached to the nitrogen 
atom of formula (I) via a ring atom of ring A and ring B is optionally substituted 
by-COz^C^lkyl). 

(5) a phenyl group optionally substituted by one or more substituents selected from: 

-halogen, -SO3H. -(alk)„OH, -(alk),, -cyano. -(O)* -(C«)alkyl (optionally 
25 substituted by one or more halogens), - (alk>, — nitro, -iO)m -<alk)n- COjR 0 . 
-(alk*)- CONR^ -(alk)„ -COR c , -(alk)„ -SOR e , -(alk)„ -S02R e . -(alk)„- 
S0 2 NR e R d , -(alk)hOR c . -(alk)* -{CO)*- NHSOzR 6 . -{alk*,- NHCOR c , -(alk)„- 
NR°R d wherein m and n are 0 or t and alk represents a d^alkytene group or 
6 alkenyl group. 
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(6) A phenyl group substituted by a 5 or 6 membered heterocyclic aromatic group, 
said heterocyclic aromatic group optionally being substituted by Ci^alky) or 
NR°R d . 

R c and R* may each independently represent hydrogen, or C w alkyl or when 
5 part of a group NR°R d , R c and R* together with the nitrogen atom may form a 5 
or 6 membered heterocyclic ring optionally containing other heteroatoms, which 
heterocyclic ring may optionally be substituted further by one or more Cv3 alkyl 
groups. 

R e represents Ci^alkyl 
10 and salts and solvates thereof, in particular, physiologically acceptable solvates 
and salts thereof. 

The invention further provides pharmaceutical compositions of formula (I) or (la) 
together with a pharmaceutical^ acceptable diluent or carrier. 

15 

It will be appreciated that certain compounds embraced by formula (I) are novel 
per se. A particular group of compounds may be defined by formula (lb). 
Therefore, the invention further provides compounds of formula (lb) which are 
agonists at the adenosine A1 receptor 



20 



NH 




wherein X represents O or CH^ 

25 
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7 

R 2 represents Chalky!, Ct^alkoxy, halogen or hydrogen; 

R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 membered 
heteroaryl group, C1-6 alkoxy, Ci-s alkylO(CH 2 )n where n is 0-6, C3.7 cydoalkyl, 
5 Ci^ hydroxyalkyf, halogen or a straight or branched alkyl, Ci* alkenyl or C1- 
6 alkynyl group optionally substituted by one or more halogens. 

Y and Z represent O. N, CH, N(Ci^ alkyl) 
W represents CH, O, N, S, N(Ci-e alkyl) 
10 and wherein at least one of W and Z represents a heteroatom (and when Y, Z 
and/or W is N, the presence or absence of an additional H would be apparent to 
a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y represents 
O, R 3 cannot be H. 

15 

R 4 and R 5 independently represent H or a C^ straight chain or branched alkyl 
group. 

R 1 represents hydrogen or a group selected from 

20 

(1) -(alk)* - (Ca- 7 ) cydoalkyl. including bridged cydoalkyl. said cydoalkyl group 
optionally substituted by one or more substituents selected from OH, halogen, - 
(C1.3) alkoxy, wherein (alk) represents C1-3 alkylene and n represents 0 or 1 . 

(2) an aliphatic heterocydic group of 4 to 6 membered rings containing at least one 
25 heteroatom selected from O, N or S, optionally substituted by one or more 

substituents selected from the group consisting of -(Ct^)alkyl, -COr(Ci-4)alkyl, - 
CO(C 1 . 3 alkyl), -S(=OMCi-3alkyl), ■<X)NR a R b (wherein R 3 and R b independently 
represent H or Ci^alkyl) or =0; where there is a sulfur atom in the heterocydic 
ring, said sulfur is optionally substituted by (=0)n, where n is 1 or 2. 

3q3) Straight or branched d.i 2 alkyl, optionally induding one or more O, S(=0)r, 
(where n is 0, 1 or 2) and N groups substituted within the alkyl chain, said alkyl 
optionally substituted by one or more of the following groups, phenyl, halogen, 
hydroxy, C3.7 cydoalkyl or NR a R b wherein R 3 and R b independently represent 
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hydrogen, C3.7 cycloalkyl or a Ci^ straight chain or branched alkyl optionally 
substituted by C3.7 cycloalkyl; 

(4) a fused bicydic aromatic ring 




wherein B represents a 5 or 6 membered heterocyclic aromatic group containing 
1 or more O, N or S atoms, wherein the btcydic ring is attached to the nitrogen 
atom of formula (I) via a ring atom of ring A and ring B is optionally substituted 
by-C02-(C^alkyl). 

10(5) a phenyl group optionally substituted by one or more substituents selected from: 

-halogen, -S0 3 H f -<alk>,OH. -(alk)n -cyano, -<0)n -<Ci*)alkyl (optionally 
substituted by one or more halogens), - (alk)* -nitro, -(OXn -{alkX,- COaR 0 . 
-{alko)- CONR'W -(alk)n -COR c , -(alk)n ^SOR e , -(alk),, -SCfeR*. -(alk)n- 
SOzNR^, -(alk)nOR c , -(alk)* -(COW NHSOzR 6 . -(alk),r NHCOR c , -(alk)n- 
1 5 NR^ wherein m and n are 0 or 1 and alk represents a Ci-ealkylene group or C2- 
6 alkenyl group. 

(6) A phenyl group substituted by a 5 or 6 membered heterocyclic aromatic group, 
said heterocyclic aromatic group optionally being substituted by Ci-3alkyl or 
NRW. 

20 R c and R d may each independently represent hydrogen, or C1.3 alkyl or when 
part of a group NR°R d , R° and R* together with the nitrogen atom may form a 5 
or 6 membered heterocyclic ring optionally containing other heteroatoms, which 
heterocyclic ring may optionally be substituted further by one or more C1-3 alkyl 
groups. 

25 R e represents Ci^alkyl 

with the proviso that when R 4 and R 5 both represent H, R 2 represents halogen, 
R 3 cannot represent methyl, ethyl, n-propyl, isopropyl, cyclopropyl, CH(OH)CH3, 
C v3 alkoxy 
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9 



and salts and solvates thereof, in particular, physiologically acceptable solvates 
and salts thereof. 

Preferably, the compound is of formula (Ic): 



wherein X represents O or CH* 

^represents Chalky!, Ci^alkoxy, halogen or hydrogen; 

R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 membered 
heteroaryl group, Ci* alkoxy, Ci* straight or branched alkyl optionally 
substituted by one or more halogens, C3-7 cycloalkyl, hydroxyalkyl or 
halogen. 

Y and 2 represent O, N, CH 
W represents CH, O. N, S 

and wherein at least one of W and Z represents a heteroatom (and when Y, Z 
and/or W is N, the presence or absence of an additional H would be apparent to 
a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y represents 
O, R 3 cannot be K 



NH 
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10 

R 4 and R 5 independently represent H or a Ci^ straight chain or branched alky! 
group. 

R 1 represents a group selected from 

5 

(1) -<alk)n - (C3-7) cyctoalkyl, including bridged cycloalkyt. said cycloalkyl group 
optionally substituted by one or more substituents selected from OH, halogen, - 
(do) alkoxy, wherein (alk) represents C w alkylene and n represents 0 or 1. 

(2) an aliphatic heterocyclic group of 4 to 6 membered rings containing at least one 
10 heteroatom selected from O, N or S, optionally substituted by one or more 

substituents selected from the group consisting of -(Ci^Jalkyl, -COr(CM)alkyl, - 
CCKCi^alkyl). -S(=OMCi^alkyl). -CONR^ (wherein R a and R 6 independently 
represent H or Ci^alkyl) or =0; where there is a sulfur atom in the heterocyclic 
ring, said sulfur is optionally substituted by (=0)n» where n is 1 or 2. 

1$3) Straight or branched C1-12 alkyl, optionally including one or more O, S(=0)n 
(where n is 0, 1 or 2) and N groups substituted within the alkyl chain, said alkyl 
optionally substituted by one or more of the following groups, phenyl, halogen, 
hydroxy, C3-7 cycloalkyl or NR a R b wherein R 8 and R 6 independently represent 
hydrogen, C3.7 cycloalkyl or a Ci* straight chain or branched alkyl optionally 

20 substituted by C3-7 cycloalkyl; 

(4) a ftjsed bicyclic aromatic ring 




wherein B represents a 5 or 6 membered heterocyclic aromatic group containing 
25 1 or more O, N or S atoms, wherein the bicyclic ring is attached to the nitrogen 
atom of formula (I) via a ring atom of ring A and ring B is optionally substituted 
by -CO2 -(Chalky!). 

(5) a phenyl group optionally substituted by one or more substituents selected from: 
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-halogen, -SO*H, ~(alk)nOH, ^ a | k)n -cyano, -(0>, -{Ci^alkyl (optionally 
substituted by one or more halogens). - (alk)„ -nitro, -{0)m -(alk)n- C0 2 R c , 
-(alk„h CONR'R* -(alk)„ -COR c , -<alk)n -SOR e , -<alk)„ SChR*. -(alk)n- 
S0 2 NR c R d . -<alk)„OR c , -(alk)„ -{COW NHSOzR 6 . -<alk)n- NHCOR c . -<alk)n- 
NR*^ wherein m and n are 0 or 1 and alk represents a Ci^alkylene group or 
6 alkenyl group. 

A phenyl group substituted by a 5 or 6 membered heterocyclic aromatic group, 
said heterocyclic aromatic group optionally being substituted by Ci^alkyl or 
NR°R d . 

R c and R d may each independently represent hydrogen, or d-3 alkyl or when 
part of a group NR*^, R c and R d together with the nitrogen atom may form a 5 
or 6 membered heterocyclic ring optionally containing other heteroatoms, which 
heterocyclic ring may optionally be substituted further by one or more Ci^ alkyl 
groups. 

R B represents C^alkyl 

with the proviso that when R 4 and R 5 both represent H, R 2 represents halogen, 
R 3 cannot represent methyl, ethyl, n-propyl, isopropyl, cyclopropyl, CH(OH)CH3, 
Ci^alkoxy 

and salts and solvates thereof, in particular, physiologically acceptable solvates 
and salts thereof. 



Conveniently the adenosine A1 agonists of the general formula (I) above exhibit 
greater activity at the adenosine A1 receptor than the other adenosine receptor 
subtypes, particularly A3. More particularly the compounds exhibit little or no 
agonist activity at the the A3 receptor. 

It will be appreciated that wherein R 1 and/or R 2 in compounds of formula (I) 
contain one or more asymmetric carbon atoms the invention includes all 
diastereoisomers of compounds of formula (I) and mixtures thereof. Otherwise 
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the stereochemical configuration of compounds of the invention is as depicted in 
formula (I) above. 

As used herein, the term "alkyl" means a straight or branched chain alkyl group. 
5 Examples of suitable alkyl groups within R 1 and R 2 include methyl, ethyl, n- 
propyl, l-propyl, rvbutyl, s-butyl, t-butyl and 2,2-dimethylpropyL 

As used herein, the term "alkylene" means a straight or branched chain alkylene 
group containing 1-6 carbon atoms, e.g. methylene. 

10 

As used herein, the term "C^alkenyl" means a straight or branched chain 
alkenyl group containing 2 to 6 carbon atoms. Ally! represents an example of a 
suitable C 2 ^alkenyl group. 

1 5 The term "halogen" means fluorine, chlorine, bromine or iodine. 

By aliphatic heterocyclic group defined for R 1 is meant a cyclic group of 4-6 
carbon atoms wherein one or more of the carbon atoms is/are replaced by 
heteroatoms independently selected from nitrogen, oxygen or sulfur. This group 
20 may optionally be substituted as defined hereinabove. 

The term heterocyclic aromatic group defined for R 1 refers to an aromatic mono 
or bicydic ring system comprising from 5 to 10 carbon atoms wherein one or 
more of the carbon atoms is/are replaced by heteroatoms independently 
25 selected from nitrogen, oxygen and sulfur, which ring system may optionally be 
substituted as defined hereinabove. 

Pharmaceutical^ acceptable salts of the compounds of formula (I) include those 
derived from pharmaceutical^ acceptable inorganic and organic acids. 

30 Examples of suitable acids include hydrochloric, hydrobromic, sulphuric, nitric, 
perchloric, fumaric, maleic, phosphoric, glycollic, lactic, salicylic, succinic, 
toluene-p-sulphonic, tartaric, acetic, citric, methanesulphonic, formic, benzoic, 
malonic, naphthalene-2-sulphonic and benzenesulphonic acids. A particularly 
suitable pharmaceutical^ acceptable salt of the compounds of formula (I) is the 

35 hydrochloride salt. Other acids such as oxalic, while not, in themselves 
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pharmaceutically acceptable, may be useful as intermediates in obtaining the 
compounds of the invention and their pharmaceutically acceptable acid addition 
salts. The solvates may be, for example, hydrates. 

5 Examples of W, Y and Z containing heterocyclic groups include isoxazoles, 
oxadiazoles, pyrazoles, oxazoles, triazoles and thiadiazoies. 

Preferred W, Y and Z containing heterocyclic groups are isoxazoles, and 1,2,4- 
and 1,3,4- oxadiazoles. 

10 R 2 preferably represents hydrogen, methyl, methoxy or halogen, more preferably 
hydrogen or chlorine. 

Conveniently, R 1 may represent (alk)n- C3-6 cycioalkyl wherein n is 0 or 1 and the 
said cycioalkyl is either substituted by at least one substituent selected from 
halogen, particularly fluorine, and OH or is unsubstituted. Preferably n is zero. 
15 More preferably, the cycioalkyl group is unsubstituted or monosubstituted with 
OH and more preferably the cycioalkyl ring has 5 carbon members. Most 
preferably, the cycioalkyl group is hydroxycyclopentyl. 

Alternatively R 1 may represent a substituted or unsubstituted aliphatic 
heterocyclic group, the substituted being selected from the group consisting of 
20 -C02~(Ci^)alkyl. 

Conveniently, the aliphatic heterocyclic group is unsubstituted or when the 
substituent is -CO^Ci^Jalkyl, the heteroatom is N and the substituent is directly 
attached to said ring nitrogen atom. 

Preferably the heterocyclic ring is 6 membered and more preferably contains 
25 only one O, N or S heteroatom. Most preferably when the heterocyclic ring is 
unsubstituted the heteroatom is O. Most preferably when the heterocyclic ring is 
substituted the heteroatom is N. 

Alternatively, R 1 may represent a straight or branched alky) of 1-6 carbon atoms 
optionally with at least one S(=0)n and where S(=0)n is present optionally 
30 substituted with N at a position adjacent to the S(=0)n group; where there is an 
S(=0)n in the chain, substitution with N at a position adjacent to the S(=0)n 
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group is preferred; where there is an S(=0)„ in the chain, preferably n is 1 or 2, 
more preferably n is 2. The alkyl group conveniently may be unsubstituted or 
substituted by at least one OH group. 

Alternatively R 1 may represent a phenyl group which is substituted by one or two 
5 substituents selected from OH, alkyl, particularly Ci^ alkyl and halogen. 
Preferably the phenyl is disubstituted in the 2,4 positions. Preferably both 
substituents are halogen more particularly, fluorine and chlorine. For example, a 
particularly preferred combination is 2-fluoro and 4-chtoro. 

Preferably R 4 and R 5 represent hydrogen. 

10 It is to be understood that the present invention covers all combinations of 
particular and preferred groups mentioned above. 

Particular novel compounds include compounds of Examples 1-207 herein 
below. 

1 5 Preferred compounds include: 

(2S,3S,4R,5R)-2^54ert^utyH1 ,3^ 

ylamino)^rirv9-yl}-tetrahydro-furan-3,4-<liol; 

4^9-[5S^5-tert-ButyH1,3,4]oxad 

2R-yl^9H^urin^ylamino}-piperidine-1-carboxylic acid ethyl ester; 
20 (2S,3S,4R,5R)-2-(5-lsopropyl-[1 ,3,4]oxadiazol-2-yl>-5-[6-(tetrahydro-pyran-4- 
ylamino)-purin-9-yt}-tetrahydro-furan-3,4-diol; 

4-{9-{5S-(5-Cyclopropyl-[1 ,3,4]oxadiazol-2-yl>-3R l 4S-dihydroxy-tetrahydro«furan- 

2R-yf]-9H-purin-6-ylamino}-piperidine-1-carboxylic acid ethyl ester; 

(2S,3S,4R,5R)-2^54ert-Buty^ 
25 phenylamino)-purin-9-ylHetrahydro-furan-3,4-diol; 

(2S,3S,4R,5R)-2^5-EthytoxazoL^^ 

yl]-tetrahydro-furan-3,4-diol; 

(2S,3S,4R.5R)-2^3^ydopropyH1,2,4fc^ 

cydopenHS)-ylaminoH>urin-9-^ 
30 (2S,3S.4R,5R)-2-{3-tert-Butyl-[1 ,2.4Joxadiazol-5-yl)-5^[6^2S4)ydroxy^clopent- 

(S)-ylamino)-purin-9-ylHetrahydro-furan-3,4-dk)l; 
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(2S,3S/4R,5R)-2-(3^ydopropyK1^^ 
ylamino)-puriiv9-yl]-tetrahydrc>-furan-3,4-diol; 
(2S,3S.4R,5R)-2^34ert^utyMso^^ 
purirv^ylHetrahydro-furan-S^iol; 
5 ethyl 4^{9-[(2R,3R t 4S t 5SV3,4KJihydroxy«5-(3-methyl-1 ,2 f 4-oxadiazol-5- 
yl)tetrahydrofurarv2-yI]-9H^ 

(2S t 3S.4R,5R)-2-I3-(tert-butyl)-1 ,2 A-oxadiazol-5-yll-5-{6- 

[(<7dopropylmethyl)amino]-9H^ 

(2S,3S/4R,5R)-243Ktert-but^ 
1 0 purin-9-ylltetrahydrDfurarv3 f 4-diol; 

(2R,3R,4S,5S)-246-((ydopropylamin^^ ,2 f 4- 

oxadiazol-5-yl)tetrahydrofuran-3 f 4-diol; 

2K{94(2R,3R f 4S,5S)^^ihydro>cy-5^ 

yt)tetrahydrofurarv2-y^9^ 
15 (2R i 3R f 4S,5S)-24e^3,4^ifluoroanilino)-9H-purin-9-yO-5-(3-isopro 

oxadiazol-S-ylJtetrahydrofuran-S^ioI; 

(2R,3R/*S,5S)-246^4^loro-2^ 

1 ^.^-oxadiazokS-ylJtetrahydrofuran-S^io!; 

(2R f 3S,4R f 5R)-2-l5-(tert-butylHH-1 ,2 f 4-triazol-3-y0-5-[6-(4^hloro-2- 
20 fluoroanilino)-9H-purin-9-ylltetrahydrofuran-3 t 4-diol; 

(2R^R.4S,5R)-216K2^loro^fluo 

1 ^,4-triazol-3-yl)tetrahydrofurarv3 t 4-diol; 

(2S f 3S,4R,5R)-2^5K^opropyl-1 f 3 f 4^xadiazol-2-yl)-5^6^tetrah 

4-ylamino)-9H-purin-9-yl}tetrahydrofurar>-3 > 4^k>l; 
25 (2S3S,4R t 5RV245Ktert4>utyl^ 

fluoroanilino)-9H-purir>-&-yntetrahydit)furarv3,4-diol; 

(2S.3S/4R,5R)-2-[3-(tert-butyO^ 

thiopyran^yl)amino>9H-purin-9-y^^ 

2-[(9^(2R^R,4S f 5S)-5-[5Ktert^ 
30 dihydroxytetrahydrofuran-2-^ 

2^(9^(2R,3R/IS,5S)-5-[5-(ter^^ 

dihydroxytetrahydrofuran-2-yl^ 

methylpheny))ethanesulfonamide; 

2^{9-[(2R,3R/4S f 5S)-3A<lihydro^^ 
35 2-yl]-9H-purii>^yl}amino)^-methylethanesulfonam 
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(2R,3R,4S f 5S}-2-[6-(cyclo^ 
1 ,2,4-oxadia2ol-5-yl]tetrahydrofuran-3,4-diol; 
(2S.3S.4R, 5R)-2^5^thyM ,3^ 
yl]tetrahydrofurarv3,4-diol; 
5 (2R,3R^S,5S>-2^64[(1S t 2S>-2-hydrox^^ 

methyH f 3,4^xadiazo!-2-yl)tetrahydrofurarv3,4-dtol; 
(2R3R.4S,5S)-242^loro^[(1^thyte^ 

cydopropyM^^xadiazo^ylJte^ formate (1:2); 

(2R£R/lS f 5S)-2-[2^hloro^1^thyl-pro^ 
1 0 [1 ^^Joxadiazol-S-ylHetrahydro-furan-S^iol diformate; 

(2S,3S,4R,5R^2-(3^thylisoxazol-^ 

purirv9-y0tetrahydrofuran-3,4KJiol; 

(2S,3S,4R,5R^2-(3^thylisoxazol^ 

hydroxycydopentyl]amino}-9H-purii>9-yl)tetrahydrofura 
15 ethyl 4^{9-[(2R,3R,4S,5S)-5^3^th^ 

2-yQ-9H-purin-6-yl}amino)piperidine-1 -carboxylate; 

(2R£S,4R,5R)-245Ktert-butyl^ 

4- ylamino)-9H^urin-9'ylltetrahydrofurarv3 > 4«<lio!; 
(2R;3S,4R f 5R)-2^5HSopropyWH-1.2^^ 

20 ylamino>-9H-purin-9-yl]tetrahydrofuran-3,4-<liol; 
(2R,3R,4S t 5S)-2^K*loro^2^tor^^ 
methyl-1 ,3-oxazol-2-y1)tetrahydrofurarv3,4-diol; 
(2R,3R/»S,5S)-2^6^4^lor0-2-fluora^ 

5- yl)tetrahydrofurarv3 # 4-diol; 

25 (2R f 3R,4S,5S)-2H^4K*1oro^ 

5-yi)tetrahydrofurarv3 v 4-diol; 

(2R3R.4S f 5SV2-[2^lorch6^tetra^^ 

(S-ethylisoxazol-S-ylJtetrahydrofurarvS^iol; 

ethyl 4^{2<hloro~9-[(2R3R.4S f 5^ 
30 dihydroxytetrahydrofurarv-2-yl^ -carboxylate; 

(2R,3R,4S,5S)-2^2^loro^(1S > 2SV24iydro)(ycydopentynami 

yt>5^3-ethytisoxazot-5-yl)tetrahydrofuran-3»4-<)iol; 

(2R3R.4S,5S)-2-(2^loro-6^^ethylsulfonyl)ethyQamin 

ethylisoxazol-5-yl)tetrahydrofuran-3 v 4-diol; 
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(2R3R.4S,5S^2<2K;hloro-^4-chloro-2-fluoroanilino)-9Hi3urin-9-yl]-5-(3- 
ethylisoxazol-5-yl)tetrahydrofuran-3,4-diol; 
(2R,3R,4S,5S)-2^2<hloro^2^loro^fluoro^^ 
ethylisoxazol-5-yl)tetrahydrofuran-3,4-diol; 
5 (2R3R.4S.5SV2^2<:htoro^2-fluoroanilinoV9H-purin-9-yl>5H3^thylisoxazol-5- 

yl)tetrahydrofurar>-3,4-diol; 
(2R3R/*S,5SV2^2^loro^2^loroanilino^ 
5^l)tetrahydrofuran-3.4-diol; 
(2R,3R,4S,5S)-2^6^(1S2S)-24)ydroxy<^d^^ 
1 0 (hydroxymethyl)isoxazDl-5-yQtetrahydrofuran-3.4-dbl; 

ethyl 4H(9^(2R,3R,4S.5S)-3.4^ihydroxy-&WhydrDxymethyl)isoxazol-5- 
yqtetrahydrofuran-2-yJ^9H^urir^^ 

(2S.3S,4R,5RV2-[3^hydroxymemyl)isoxazol-5-yl]-5-[6^tetrahydro-2H-pyrafM- 
ylamino)-9H-purin-9-yf|tetrahydrofuran-3.4-diol; 
1 5 (2R.3R.4S.5S V2-[6^4^loro-2-fluoroanilino^9H-purii>9-yQ-5-(3-ethylisoxaa)l-5- 
yl)tetrahydrofuran-3,4-diol; 
(2R,3R/1S.5S)-2-[^2^loro^fluoroanilinoV9^ 
yl)tetrahydrofurarv3,4-diol; 

(2S.3S.4a5R)-2^3^thylisoxazol-5-yl)-5^6-(2-fluoroanilino)-9H-purin-9- 

20 yl}tetrahydrofuran-3,4-diol; 

(2R,3R.4S,5S)-2^2^loroanilino)-9Hi)uriiv9-yll-M3-ethytlsoxazol-5- 

yl)tetrahydrofuraiv3,4-diol; 

(2S,3S,4R,5RV2-[5Ktert^tyl)-1,3,4^)xadia2»l-2-ylH546Kpiperidifv^ 
9H-purin-9-yl]tetrahydrofuran-3,4-diol; 
25 (2R3R.4S.5R)-2^^IorD^[(1^thylpropyl)aminol-9H-purin-9-yl}-5-(5- 
ethylisoxazoi-3-yl)tetrahydrofuran-3,4-diol formate; 
(2S3S,4R,5R)-2K34)rorTK>isoxazol-5-ylV5-[6^4^loro-2-fluoroanilir»^ 

9-yl]tetrahydrofuran-3,4-diol 

{2S^S,4R,5R)-2^tert-butyl)isoxazol-5-ylK5-(6K[Hmethylsulfonyl)pipe 
30 yl]amino}-9H-purin-9-yl)tetrahydrofuran-3,4-diol 
(2S3S.4R,5R)-243^tert4>utyl)isoxazol-^^ 
yQamino)-9H-purin-9-yi)tetrahydrDfuran-3,4-diol 
(2S3S,4R,5R)-2^terM)utyl)isoxazo»-5^^ 
4-yf]amino)-9H-purirv9-yiytetrahydrofuran-3,4-diol 
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(2S ( 3S,4R,5R)-2-[3^tert4)utyl)^^ 

yl]amino}-9H-purii>9-yl)tetrahydrofuran-3,4-clk>l 

(2S.3S > 4R l 5R)-2-[3^tert-butyl)isoxazol-5-y1]-5-[2^ 

fluoroanilino)-9H-purin-9-yQteta^ 
5 (2S^S/»R,5R>-2^tert^ut^ 

fluoroanilino)-9H-purir>-9-yllte^ 

2-[(9^(2R,3R,4S,5S}-5^tert-b^ 

2-yl}-2^loro-9H^urin^yl)am^ 

24(9^(2R,3R/lS,5S)-5^3^tert-bu^ 
1 0 2-yt}-2^toro-9H-purin^yl)^ 

(2S,3S,4R,5R)-243^tert^utyl)iso^ 

4-ylamino)-9H-purirh9-ylltetrahydrofuran-3 > 4-diol 

(2R3R.4S,5S)-2-[6^4^loro-2-fliro^ 

ylisoxazol-5-yl)tetrahydrofuraiv3,4-diol 
15 (2R,3R,4S,5S)-2-[6^4^loro-2^ 

hydroxybutyi)isoxazol-5-yt}tetrahydrofuran-3,4Kiiol 

24(94(2R t 3R,4S,5S)-5-[3^tert-but^ 

2-yl}-9H-purin^yl)am»nol-N^thylethanesulfcmarnide 

(2R,3R,4S,5S)-2-[6^cydopenty^ 
20 1 ,3.4-oxadiazok2-yf]tetrahydrofuran-3,4-diol 

(2R,3R,4S,5S)-2^6^(1S£S)-2^ydro)ty^^ 

(trifluoromethyl)-1 > 3 > 4^xadiazok2-yf|tetrahydrofuran-3 f 4-diol 

ethyl 4^(9^(2R,3R,4S,5S>3 Adihydroxy-^^ ,3,4-oxadiazDl-2- 

yl]tetrahydrofuran-2-yl^ 
25 (2R.3R,4S,5S)-2-[6K4^loro-2^^ 

oxadiazol-2-yl)tetrahydrofuran-3,4-diol 

(2R,3R/lS,5S)-2-[6^4^lort^ 

cyck>propylisoxa2ol-5-yl)tetrahydrofurarv3,4-diol 

(2S,3S,4R,5R)-2-[3^tert-buW 
30 9H-purin-9-yl}tetrahydrofurarv3,4-diol 

isopropyl 4-[(9^(2R f 3R,4S.5S)-5^tert^ 

dihydroxytetrahydrofurarv2-y1}-9^ 

(2S,3S f 4R f 5R)-2-[3^tert-b^ 

trifluoroacetyl)piperidirnl-yf^ 
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methyl 44(94(2R3R.4S,5S)-5^3^ 
dihydroxytetrahydrofuran-2-y^ 
(2R f 3R f 4S,5S)-246^4^loro-2-fluor^^ 
(hydroxymethyl)isoxaz^ 
5 (2R,3R/»S,5S>*2^6-(2K*loro^uor^ 
(hydroxymethyl)isoxazoL^ 
(2R£R/lS,5S)-2^2-fluoroanflino^ 
5-yfltetrahydrofuran-3Adiol 

(2R,3R f 4S,5S)-2^6^2^lorDanilino)-9H-purin-9-yI^5-l3- 
1 0 (hyd roxyrn ethyl )i soxazol- 5-yf]tetra hyd rofu ra rv3 ,4-d iol 

(2R£R/lS,5S>-2^2^loro^(1S,2S)-2-h^ 

yl).5-[3^hydroxyrTOthyl)isoxa2oI-5-yl]tetrahydrofu 

(2R f 3R,4S.5S)-2^^loro^teta 

[3-(hydroxymethyl)iso)cazol-^ 
1 5 2-{(2-chlon>9-{(2R,3R,4S, 5S)-3/Wihydroxy-543^hydrox^ 

y|Jtetrahydroftjran-2-yl}-9H^urin 

ethyl 4-[(2^loro-9^(2R.3R,4S,5S^^ 

5-yfltetrahydrofuran-2-yl}^ 

(2R,3R,4S f 5S)-2^2^loro^4^toro-2-fluoroan!lino)-9H 
20 (hydroxymethyl)isoxa»l-5-ylJtetrahydrofuran^,4^^ 

(2R3R,4S,5S)-242H*loro^2^lor^ 

(hydroxymethyl)isoxazol-5-ylltetrahydrofuran-3 f 4^to 

(2R,3R^ t 5S)-242^lorio^2-flw^^ 

(hydroxymethylJisoxazol-S-yntetrahydrofurarvS^iol 
25 (2S.3S/lR,5R)-2^3^thylisoxa^ 

ylamirw)>-9H-purin-9-ylltetrahydrofuran-3,4-diol 

ethyl 4-({9-[(2R3R,4S f 5S)-5^3^th^ 

2-yl]-2-methoxy-9H-purin^yl}ami^ 

(2S,3S.4R > 5R)-2-(3-ethylisoxazo|.5-yl)-5-(6-{I(1S t 2S)-2- 
30 hydroxycydopentyQamino}-2^etho>^^ 

(2S,3S t 4R,5RV2^thyliso^ 

methoxy-9H-purin-9-yl)tetrahydrofurarv3 f 4-diol 

(2R£R.4S,5S)-216^2K;hk>io^ 

ethylisoxazol-5-yl)tetrahydrofuran-3 t 4-diol 



WO 99/67262 



PCT/EP99/04182 



20 

(2S,3S,4R,5R)-2^3^thytisoxazol-5-yl^^ 
purin-9-yl]tetrahydrofuran-3 i 4-diol 
(2R.3R,4S,5S)-2^4^loro-2-fluoroanH^ 
e^lisoxazol-S-yfJtetrahydrofuraiva^iol 
5 (2S.3S,4R,5R)-2-{3^tert4>utylH^ 
purin-9-y0tetrahydrofuran-3,4-dk)l 
(2S.3S,4R,5RV245-(tert4>utylH.3,4^^ 
fluoroanilino)-9H^urin-9-^ 
(2R,3R,4S,5S)-246H4-<*loro-2-fluo 
1 0 oxadiazol-2*yl)tetrahydrofuran-3 k 4-dioL 



15 

Compounds according to the invention have applicability as inhibitors of lipolysis 
i.e. they decrease plasma free fatty acid concentrations. The compounds may 
thus be used in the treatment of hyperlipidaemias. Furthermore, as a 
consequence of their antHipolytic activity, the compounds have the ability to 

20 lower elevated blood glucose, insulin and ketone body levels and therefore may 
be of value in the therapy of diabetes. Since antHipolytic agents have 
hypolipidaemic and hypofibrinogenaemic activity, the compounds may also 
show anti-atherosclerotic activity. The antHipolytic activity of compounds of the 
invention has been demonstrated by their ability to lower the concentration of 

25 non-esterified fatty acids (NEFA) in starved rats dosed orally according to the 
method described by P. Strong etaL In Clinical Science (1993), 84. 663-669. 

In addition to their antHipolytic effect, the compounds of the invention may 
independently affect cardiac function by reducing heart rate and conduction. 
30 The compounds may thus be used in the therapy of a number of cardiovascular 
disorders, for example cardiac arrythmias, particularly following myocardial 
infarction, and angina. 

Furthermore, the compounds of the invention are useful as cardioprotective 
35 agents, having applicability in the treatment of ischaemic heart disease. As used 
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herein the term "ischaemic heart disease" includes damage associated with both 
myocardial ischaemia and reperfusion, for example, associated with coronary 
artery bypass grafting (CABG), percutaneous translumenal coronary angioplasty 
(PTCA), cardioplegia, acute myocardial infarction, thrombolysis, stable and 
5 unstable angina and cardiac surgery including in particular cardiac 
transplantation. The compounds of the invention additionally are useful for 
treating ischaemic damage to other organs. The compounds of the invention 
may also be valuable in the treatment of other disorders arising as a result of 
widespread atheromatous disease, for example, peripheral vascular disease 
10 (PVD) and stroke. 

The compounds may also inhibit renin release and thus be of use in the therapy 
of hypertension and heart failure. The compounds may also be useful as CNS 
agents (e.g. as hypnotics, sedatives, analgesics and/or anticonvulsants 
1 5 particularly finding use in the treatment of epilepsy). 

In addition, the compounds of the invention may find use in the treatment of 
sleep apnoea. 

20 The compound of formula (I) and pharmaceutical^ acceptable acid addition 
salts thereof are useful as analgesics. They are therefore useful in treating or 
preventing pain. They may be used to improve the condition of a host, typically 
of a human being, suffering from pain. They may be employed to alleviate pain 
in a host. Thus, the compound of formula (I) and its pharmaceutical^ 

25 acceptable acid addition salts may be used as a preemptive analgesic to treat 
acute pain such as musculoskeletal pain, post operative pain and surgical pain, 
chronic pain such as chronic inflammatory pain (e.g. rheumatoid arthritis (RA) 
and osteoarthritis (OA), neuropathic pain (e.g. post herpetic neuralgia (PHN), 
trigeminal neuralgia, neuropathies associated with diabetes and sympathetically 

30 maintained pain) and pain associated with cancer and fibromyalgia. The 
compound of formula (I) may also be used in the treatment or prevention of pain 
associated with migraine, tension headache and cluster headaches and pain 
associated with Functional Bowel Disorders (e.g. Irritable Bowel Syndrome), non 
cardiac chest pain and non ulcer dyspepsia. 

35 
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Additionally, when topically administered, the compounds of the present 
invention exhibit analgesic and anti-inflammatory activity and are therefore 
useful in a number of chronic inflammatory pain conditions such as OA, RA and 
neuropathic conditions such as fibomyalgia and PHN. 

5 

Accordingly, the invention provides a compound of formula (I) or a 
physiologically acceptable salt or solvate thereof for use in therapy, and in 
particular in the treatment of human or animal subjects suffering from a 
condition in which there is an advantage in decreasing plasma free fatty acid 
10 concentration, or reducing heart rate and conduction, or whereby the therapy 
involves the treatment of ischaemic heart disease, peripheral vascular disease 
or stroke or which subject is suffering from a CNS disorder, sleep apnoea or 
pain. 

15 In a further aspect, the invention provides a method of treatment of a human or 
animal subject suffering from a condition in which there is an advantage in 
decreasing plasma free fatty add concentration, or reducing heart rate and 
conduction, or which subject is suffering from or susceptible to ischaemic heart 
disease, peripheral vascular disease or stroke, or which subject is suffering a 

20 CNS disorder or suffering from sleep apnoea or suffering pain, which method 
comprises administering to the subject an effective amount of a compound of 
formula (I) or a pharmaceutical^ acceptable salt or solvate thereof. 

In a further aspect, the invention provides the use of a compound of formula (I) 
25 or a pharmaceutical^ acceptable salt or solvate thereof for the manufacture of a 
medicament for the treatment of a human or animal suffering from a condition in 
which there is an advantage in decreasing plasma free fatty acid concentration, 
or reducing heart rate and conduction, or which subject is suffering from or 
susceptible to ishaemic heart disease, peripheral vascular disease or stroke, or 
30 which subject is suffering a CNS disorder or suffering from sleep apnoea or 
suffering pain. 

In respect of the above mentioned ischaemic treatment, it has been found that 
according to a particularly unexpected aspect of the present invention, not only 
35 does administration of a compound of formula (I) prior to ischaemia provide 
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protection against myocardial infarction, but protection is also afforded if the 
compound of formula (I) is administered after the ischaemic event and before 
reperfusion. This means that the methods of the present invention are 
applicable not only where ischaemia is planned or expected, for example in 
5 cardiac surgery, but also in cases of sudden or unexpected Ischaemia, for 
example in heart attack and unstable angina. 

It will be appreciated that reference to treatment includes acute treatment or 
prophylaxis as well as the alleviation of established symptoms. 

10 

The pharmaceutical composition comprises, as active ingredient, at least one 
compound of formula (I) or a pharmaceutical^ acceptable salt or solvate thereof 
. in association with a pharmaceutical carrier and/or excipient for use in therapy, 
and in particular in the treatment of human or animal subjects suffering from a 
15 condition in which there is an advantage in decreasing plasma free fatty acid 
concentration, or reducing heart rate and conduction, or which subject is 
suffering from or susceptible to ischaemic heart disease, peripheral vascular 
disease or stroke, or which subject is suffering from a CNS disorder, sleep 
apnoea or pain. 

20 

There is further provided by the present invention a process of preparing a 
pharmaceutical composition, which process comprises mixing at least one 
compound of formula (I) or a pharmaceutically acceptable salt or solvate 
thereof, together with a pharmaceutically acceptable carrier and/or excipient 

25 

Compositions according to the invention may be formulated for topical, oral, 
buccal, parenteral or rectal administration or in a form suitable for administration 
by inhalation or insufflation. Oral administration is preferred. The compositions 
may be adapted for sustained release. 

30 

For topical administration, the pharmaceutical composition may be given in the 
form of a transdermal patch. 

Tablets and capsules for oral administration may contain conventional 
35 excipients such as binding agents, for example mucilage of starch or 
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polyvinylpyrrolidone; fillers, for example, lactose, microcrystalline cellulose or 
maize-starch; lubricants, for example, magnesium stearate or stearic acid; 
disintegrants, for example, potato starch, croscarmellose sodium or sodium 
starch glycollate; or wetting agents such as sodium lauryl sulphate. The tablets 

5 may be. coated according to methods well known in the art Oral liquid 
preparations may be in the form of, for example, aqueous or oily suspensions, 
solutions, emulsions, syrups or elixirs, or may be presented as a dry product for 
constitution with water or other suitable vehicle before use. Such liquid 
preparations may contain conventional additives such as suspending agents, for 

10 example, sorbitol syrup, methyl cellulose, or carboxymethyl cellulose; 
emulsifying agents, for example, sorbitan mono-oleate*; non-aqueous vehicles 
(which may include edible oils), for example, propylene glycol or ethyl alcohol; 
and preservatives, for example, methyl or propyl j>hydroxybenzoates or sorbic 
acid. The preparations may also contain buffer salts, flavouring, colouring and 

1 5 sweetening agents (e.g. mannitol) as appropriate. 

For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

20 The compounds of formula (I) may be formulated for parenteral administration 
by bolus injection or continuous infusion and may be presented in unit dose form 
in ampoules, or in multi-dose containers with an added preservative. The 
compositions may take such forms as suspensions, solutions, or emulsions in 
oily or aqueous vehicles, and may contain formulatory agents such as 

25 suspending, stabilising and/or dispersing agents. Alternatively, the active 
ingredient may be in powder form for constitution with a suitable vehicle, e.g. 
sterile pyrogen-free water, before use. 

The compounds of formula (I) may also be formulated as suppositories, e.g. 
30 containing conventional suppository bases such as cocoa butter or other 
glycerides. 

A proposed dose of the compounds of the invention for administration to man 
(of approximately 70kg body weight) is 1mg to 2g, preferably 1mg to 100mg, of 
35 the active ingredient per unit dose which could be administered, for example. 1 



WO 99/67262 



PCT/EP99/04182 



25 

to 4 times per day. It will be appreciated that it may be necessary to make 
routine variations to the dosage, depending on the age and condition of the 
patient. The dosage will also depend on the route of administration. 

5 In a yet further aspect the invention also provides for the use of a compound of 
formula (I) or a pharmaceutical^ acceptable salt or solvate thereof for the 
manufacture of a medicament for the treatment of human or animal subjects 
suffering from a condition in which there is an advantage in decreasing plasma 
free fatty acid concentration, or reducing heart rate and conduction, or which 
10 subject is suffering from or susceptible to ischaemic heart disease, peripheral 
vascular disease (PVD) or stroke, or which patient is suffering from a CNS 
disorder, sleep apnoea or pain. 

The compounds of formula (I) and physiologically acceptable salts or solvates 
15 thereof may be prepared by the processes described hereinafter, said 
processes constituting a further aspect of the invention. In the following 
description, the groups R 1 , R 2 and R 3 are as defined for compounds of formula 
(I) unless otherwise stated. 

20 According to a first general process A, a compound of formula (I) may be 
prepared by reacting a compound of formula (II) 



L 




(H) 



P'O OP 2 



25 wherein L represents a leaving group such as a halogen atom (e.g. chlorine), or 
a linker group capable of binding to a solid phase polymeric support (e.g. a 
polystyrene resin) and for example may be -SO^i^alkyte" 6 and P 1 and P 2 
represent hydrogen, Cve straight chain or branched alkyl or a suitable protecting 
group (e.g. acetyl or a protecting group wherein P 1 and P 2 together form an 
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alkylidine group) with a compound of formula R 1 NH 2 or a salt thereof under 
basic conditions. The 4 > -heterocycle group substituent may be protected if 
required, for example, see route Bb and V described hereinbelow. 

5 Compounds of formula (II) may be used to produce compounds of formula (I) 
directly by reaction with the group R 1 NH 2 either in the absence or presence of a 
solvent such as an alcohol (e.g. a lower alkanol such as isopropanol, t-butanol 
or 3-pentanol), an ether (e.g. tetrahydrofuran or dioxan), a substituted amide 
(e.g. dimethylformamkle), a halogenated hydrocarbon (e.g. chloroform), an 

10 aromatic hydrocarbon (e.g. toluene), dimethyl sulfoxide (DMSO) or acetonitrile, 
preferably at an elevated temperature (e.g. up to the reflux temperature of the 
solvent), in the presence of a suitable acid scavanger, for example, inorganic 
bases such as sodium, cesium or potassium carbonate, or organic bases such 
as triethylamine, diisopropylethylamine or pyridine, optionally in the presence of 

15 a palladium catalyst (e.g. palladium acetate) and phosphine ligand (e.g. R-(+>- 
2,2-bis(diphenylphosphino)-1 -1 ' binaphthyl). 

Optionally, where at least one of Y, Z and W is N. alkylation may be carried out 
on a N atom at Y, Z or W at any appropriate stage in the synthesis, for example, 
20 see Route X described hereinbelow. 

The above reactions may be preceded or followed where appropriate by in situ 
removal of the P 1 and P 2 protecting groups. For example when P 1 and P 2 
represent acetyl, this may be effected with an amine such as ammonia or tert- 

25 butylamine in a solvent such as methanol or when P 1 and P 2 represent an 
alkylidine by acid hydrolysis, e.g. with trifluoroacetic acid (TFA). Interconversion 
of P 1 and P 2 protecting groups may occur at any stage in the preparation of the 
compounds of formula (II), for example when P 1 and P 2 represent acetyl, 
compounds of formula (II) may be prepared from compounds wherein P 1 and P 2 

30 together represent an alkylidine protecting group by acid catalysed removal of 
the alkylidine protecting group, e.g. with hydrogen chloride in methanol followed 
by in situ acylation. for example with acetic anhydride in the presence of a base 
such as pyridine, in a solvent such as dichloromethane. 
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Otherwise, tnterconversion of P 1 and P 2 protecting groups may occur at any 
stage during the preparation of compounds of formula (II). 

It will be apparent to persons skilled in the art that in the preparation of 
5 compounds of formula (II) or (I) the 4'-heterocycle may be formed at any stage. 
For example, heterocycles may be prepared from carboxylic acid or acetylene 
starting materials before the addition of the purine ring (see Schemes 1.1a and 
2) or heterocycles may be formed after the addition of the purine ring (see 
Schemes 3, 4 and 5 and Route W). 

10 

Compounds of formula (II) where X = O may be prepared by reacting 
compounds of formula (III) 

pV ''op* 

15 

wherein P 3 represents a suitable protecting group, for example acetyl, or a 
substituent such as Ci^ alkyl, and P 1 t P 2 and R 3 are as defined above, with 
compounds of formula (IV) 



L 



20 




wherein L and R 2 are as defined above. 

The reaction is conveniently carried out in a suitable solvent, such as acetonitrile 
25 in the presence of a silylating agent such as trimethylsilyl trifluoromethane 
sulfonate and a base such as diazabicycJo[5.4.0Jundeo7-ene (DBU). 
Alternatively the compound of formula (IV) may first be silylated with a suitable 
silylating agent e.g. hexamethytdisilazane followed by reaction of the silylated 
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intermediate with a compound of formula (III) and a suitable Lewis acid, e.g. 
trimethylsilyl trifluoromethanesulfonate in a suitable solvent such as acetonitrile. 

5 Compounds of formula (IV) are either known in the art or may be prepared from 
known compounds using methods analogous to those used to prepare the 
known compounds of formula (IV). 

As described above, the compounds of formula (III) may be prepared from 
10 alternative protected compounds by replacement of the alternate P 1 and P 2 
protecting groups with other P 1 and P 2 groups. These represent an exchanging 
of one protecting group for another and will be apparent to those skilled in the 
art Compounds of formula (III) may be made for example by the following 
syntheses: 

15 

Compounds of formula (III) may be prepared, for example when the heterocyde 
defined by W, Y and Z hereinabove represents an isoxazole (optionally 
substituted) by the following reaction schemes. 
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Scheme 1 



HOOCK^ 0 ^ Stage 1 MeN^L^°^^ Stage 2 R i 



MeO # %, . THF 



P O bp 5 MeNHOMe.HCV Meu p« 0 * V 




CDI/t>yridine/ r 3 — =-Mga p4( ^ 



(Ilia) 



Stage 3 



NHjOH 
MeOH 



-.OH 

AcO* 1.MeOH/HCI P <0 Of* 



General conditions for Stages 1-4 will be known to persons skilled in the art. It 
will also be appreciated that the reagents and conditions set out in Scheme 1 
are example conditions and alternative reagents and conditions for achieving the 
same chemical transformation may be known to persons skilled in the art. P 4 
and P 5 together represent alkylidine protecting group(s). P 6 represents Cm 
alkyl. R 3 is as previously defined. 



Although scheme 1 shows the preparation of compounds of formula (III) where 
the heterocycle moiety is an isoxazole it would be apparent to a person skilled in 
the art that other standard methods could be employed to produce compounds 
of formula (III) with other heterocycles from carboxylic add starting materials, 
such a compound of formula (Ilia), for example, see route Q as described 
hereinbelow. 



An alternative method for synthesis of compounds of formula (III) is shown in 
Scheme 1a. 
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p 4 d op 5 



Scheme 1a 



Stage 1 
nBuLi 



HQ 



Stage 3 



p 4 o OP 5 



HjNOH 




MnO, 



Stage 2 




TFA 



Stage 4 



O — N 



Stage 5 



ACjO 



HO OH 



AoO QAc 
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General conditions for Stages 1-5 in Scheme 1a will be known to persons skilled 
in the art. R 3 . P 4 , P 5 and P 6 are as previously defined. 

Scheme 2 represents a method of preparing compounds of formula (III) when Y 
= N, Z = NH, W = CH and R 3 = H or tautomers thereof. P 1 , P 2 and P 6 are as 
previously defined. 



Scheme 2 




P'6 OP 2 



A further process (B) comprises converting a compound of formula (I) into a 
different compound of formula (I) by modifying the R 1 , R 2 and/or R 3 groups 
therein. 
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All compounds of formulae (III) are novel intermediates and form a further 
aspect of the present invention. 

Compounds of the formula R 1 NH2 are either known compounds or may be 
5 prepared from known compounds using conventional procedures. 

Specific optical isomers of a compound of formula (I) may be obtained by 
conventional methods for example, by synthesis from an appropriate 
asymmetric starting material using any of the processes described herein, or 
10 where appropriate by separation of a mixture of isomers of a compound of 
formula (I) by conventional means e.g by fractional crystallisation or 
chromatography. 

According to a third process (C), compounds of formula (I) may be prepared 
1 5 from compounds of formula (V) or (VI): 



NHR 1 




where R\ R 2 .X, L, P 1 and P 2 represent groups as previously defined. 

20 Also compounds of formula (VI) may be prepared from compounds of formula 
(V) by analogous methods to those described in process (A) above. 

Synthesis of the compounds of formulae (I) from the corresponding acids of 
formulae (V) and (VI) will be apparent to a skilled person using conventional 
25 synthetic techniques. 
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As an example, when W = O, Y = N and Z = N in formula 1 above thus defining 
a 1,3,4 oxadiazole, the synthesis is according to reaction scheme 3. J 
represents a leaving group L as previously defined, or a NHR 1 group. R 2 , X, P 1 
and P 2 are as previously defined. 
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Scheme 3 



I \ il Stagel JL II J) 

R^N^S^ Method A ft * ft N f 

V/ X J EEDQ/R 3 CONHNH 2 /PM E tf/\ m S^sS X 1 

| 1 Method B HH I 1 

t c \ _ R*CONHNHJtBuCOCI/ v, 

P'O OP* iPrjND/THF P ° °* 




W 7i N 



HOOC, 



Method A 

soa 2 

Method B 
POCyDMF 



Stage 2 



Continue as described in 
Process A 




P 1 6 OP 2 



Compounds of formula (I) where Z=0, Y=N and W=N (thus defining a 1,2,4- 
oxadiazoie) may be prepared from compounds of formula (V) or (VI) by a first 
process involving activation of the carboxyt group on the compound of formula 
(V) or (VI) followed by reaction with an amidoxime of formula HON=C(R 3 )NH 2 in 
a solvent such as tetrahydrofuran or chloroform, in the presence of a base such 
as pyridine or dHsopropylethylamine, followed by cyclisation at a temperature of 
20°C-150°C in a solvent such as toluene, tetrahydrofuran (THF) or chloroform 
(see scheme 4). Methods of carboxyi activation include reaction with an acid 
chloride, such as pivaloyl chloride, or an acid anhydride in the presence of a 
base such as a tertiary amine, for example dHsopropylethylamine, or with 
thionyl chloride in dimethylformamide (DMF). Activating agents used in peptide 
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chemistry such as 2-ethoxy«1-ethoxycarbonyl-1,2-dihydroquinoline (EEDQ) or 
1-hydroxybenzotriazole and 1 -(3^imethylaminopropyl)-3^thyl-cart)odiimide 
hydrochloride, may also be used. Hydroxyl protecting groups may be removed 
under conditions known to those practising in the art. For example, the 
acetonide group may be removed by treatment with an acid (at a temperature of 
0°O150°C) such as trifluoroacetic add suitably at 0-20°C or acetic acid suitably 
at50-150°C. 

In scheme 4 R 2 , R 3 , X, J, P 1 and P 2 and are as defined above. 



Scheme 4 




Modification of J and 
other protecting groups 
as required 



Alternatively, a compound of formula (II) may be prepared from a compound of 
formula (VII), for example, see route U as described hereinbelow. It would be 
apparent to persons skilled in the art that analagous methods to route U could 
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be used to prepare compounds of formula (I) with other 4-heterocycles, for 
example, see route M as described hereinbelow. 

HOOC 

p'o OP 2 

(VII) 

5 According to an general process D, a compound of formula (I) may be prepared 
from a compound of formula (V), as shown in Scheme 5, followed by removal of 
the P 1 and P 2 protecting groups as described previously in process A. It will be 
apparent to persons skilled in the art that analagous methods to that shown in 
Scheme 5 could be used to prepare compounds of formula (I) with other 4'- 

10 heterocycles using alternative heterbcycle syntheses. In Scheme 5, R , R . J, P 
and P 2 are as previously defined. 
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Scheme 5 



/1 -hydroxy benzotriazole/ 

1 -(3^imethylaminopropyl)-3^thylKarbodiimide hydrochloride/ 
dimethyffonmamide 



Stage 2 



diisopropylethylamine/ 
dimethyl sulfoxide 



Modification of 



h >t r1 



protecting groups N ^^1r\ 
as required L !L / 

A. 



p'o op 2 



The invention is further illustrated by the following non limiting intermediates and 
5 Examples. 

Full experimental details are given below for routes A-Z, Bb and Cc; data for 
remaining examples prepared by analogous routes are given in Table 1 . 

10 Standard HPLC conditions are as follows: 
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Standard Automated Preparative HPLC column, conditions & eluent 

Automated preparative high performance liquid chromatography (autoprep. 
HPLC) was carried out using a Supelco ABZ+ 5 m 100mmx22mm i.d. column 
5 eluted with a mixture of solvents consisting of I) 0.1% formic acid in water and 
ii) 0.05% formic acid in acetonitrile, the eluent being expressed as the 
percentage of ii) in the solvent mixture, at a flow rate of 4ml per minute. Unless 
otherwise stated the eluent was used as a gradient of 0-95 % (ii) over 18.5 
minutes. 

10 

LC/MS System 

Four alternative Liquid Chromatography Mass Spectroscopy (LC/MS) systems 
were used: 

15 System A: 

This system used an ABZ+PLUS, 3.3cm x 4.6mm i.d. column, eluting with 
solvents: A - 0.1%v/v formic acid + 0.077%w/v ammonium acetate in water 
and B - 95:5 acetonitrile:water + 0.05%v/v formic acid, at a flow rate of 1ml per 
minute. The following gradient protocol was used: 100% A for 0.7 mins; A+B 
20 mixtures, gradient profile 0 - 100% B over 3.5mins; hold at 100% B for 3.5mins; 
return to 100% A over 0.3mins. 

System B: 

This system used an ABZ+PLUS, 3.3cm x 2.0mm i.d. column, eluting with 
25 solvents: A - 0.1%v/v formic acid + 0.077%w/v ammonium acetate in water, 
and B - 95:5 acetonitrile:water + 0.05%v/v formic acid, at a flow rate of 0.8ml 
per minute. The following gradient protocol was used: A+B mixtures, gradient 
profile 0 - 100% B over 3.5mins; hold at 100% B for 1.5mins; return to 100% A 
over 0.5mins. 

30 

System C: 

This system used an ABZ+PLUS. 3.3cm x 4.6mm i.d. column, eluting with 
solvents: A - 0.1%v/v formic acid + 0.077%w/v ammonium acetate in water, 
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and B - 95% acetonitrilerwater + 0.05%v/v formic acid, at a flow rate of 3ml per 
minute. The following gradient protocol was used: 100% A for 07 mins; A+B 
mixtures, gradient profile 0 - 100% B over 3.7mins; hold at 100% B for 0.9mins; 
return to 100% A over 0.2mins. 

5 

System D: 

This system used an ABZ+PLUS, 3.3cm x 4.6mm i.d. column, eluting with 
solvents: A - 0.1%v/v formic acid in water; and B - 95% acetonitrile water + 
0.07%v/v formic acid, at a flow rate of 1.5ml per minute. The following gradient 
10 protocol was used: 100% A for 0.2 mins; A+B mixtures, gradient profile 0 - 
1 00% B over 3.3mins; hold at 1 00% B for 1 min; return to 1 00% A over 0.2mins. 

All LC/MS systems used a micromass 'platform* spectrometer, with electrospray 
ionisation mode, positive and negative ion switching, mass range 80-1000 
15 a.m.u. 

Flash chromatography was carried out either on Merck silica gel (Merck 9385), 
or on pre-packed silica gel cartridges (Biotage). 

20 All temperatures were in °C. 



Examples Table. 



Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(notel) 


Characterising data 


1 


(2R,3R,4S,5S)-2-{6-(2R- 

Hydroxy-cyclopent-{R)- 

ylamino)-purin-9-yl]-5-{5- 

isopropyl-[1 f 3,4Joxadiazol- 

2-yl)4etrahydro-furan-3,4- 

diol 


Analogous 
method to 
route A 


TLC Sj02(CH 2 Cl2:MeOH: 
88ONH3 90:10:1) R f = 0.39 

Microanalysis Found: C,52.9; 
H. 5.9; N, 22 J. 
C19H23N7O5 requires C, 52.9; 
H. 5.8; N, 22.7. 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


2 


(2R,3R.4S.5S>-2-(6- 

Cydopentylamino-purin-9- 

y1)-5-(5-phenyl- 

[1 ,3,4]oxadiazol-2-yl)- 

tetrahydro-furan-3,4-diol 


Analogous 
method to 
route A 


TLC Si0 2 (CH2Cl2:MeOH: 
880NH 3 94:6:1) R, = 0.10 

Microanalysis Found: C.57.1; 
H f 5.3; N f 21.0. 
C22H23N7O4 requires C, 57.2; 
H, 5.3; N, 21.2. 


3 


(2S,3S,4R,5R)-2-(5-tert- 
Butyl-[1 ,3,4]oxadiazol-2-yl)- 
5-[6-{tetrahydro-pyrafv4- 
ylamino)-purin-9-yl]- 
tetrahydro-furan-3,4-dioI 


See below 
(route A) 


See below (route A) 


4 


4-{9-[5S-(5-tert-Butyl- 
[1 ,3,4]oxadiazol-2-y!)- 
3R,4S<lihydroxy- 
tetranydro-Turarv2R-yr|-9H- 
purin-6-ylamino}- 
pjperidine-1-cartx>xytic acid 
ethyl ester 


Analogous 
method to 
route A 


LC/MS (System B) 
Rt 2.55 min. 

Mass Spectrum mfz 517 
[MH J. 


5 


(2S.3S,4R,5R)-2-(5-tert- 

5-[6-(2S-hydroxy- 
cydopent-(S)-ylamino}- 
purin-9-yl]-tetrahydro- 
furan-3,4-diol 


Analogous 

mfithnd to 

route A 


LC/MS (System B) 
R* 2 35 min 

Mass Spectrum m/z 446 
(MH*]. 


6 


(2S,3S,4R,5R)-2-<5- 
lsopropyt-[1 t 3,4]oxadiazol- 
2-yl)-5-[6-(tetrahydro- 
pyran-4-ylamino)-purin-9- 
y0-tetrahydro-furarv3,4-diol 


Analogous 
method to 
route A 


LC/MS (System B) 
Rt 2.24 min. 

Mass Spectrum m/z 432 
[MH 4 ]. ; 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


7 


(2S,3S,4R,5R)-2-(5-tert- 
Duiyi-[i t o/tjoxaaiazoKc-yi/- 
5-(6-cyclopentylamino- 
purin-9-yl)-tetrahydn> 
furarv3,4-diol 


Analogous 

rncinuu ID 

route A 


LC/MS (System B) 

R. 9 fi1 min 
r\t i II in i* 

Mass Spectrum m/z 430 
[MHl. 


8 


(2S,3S f 4R,5R)-2-(5-tert- 

Butyl-{1 ,3,4}oxadiazol-2-yJ)- 

D-l2-K^loro-^(tetranyaro- 

pyrarv4-ylamino)-purin-9- 

ylJ-tetrahydrx>-fijraiv3 f 4-diol 

formate 


See below 
(route B) 


See below (route B) 


9 . 


(2S,3S.4R,5R)-2-(5-tert- 
Butyl-[1 ,3,4]oxadiazol-2-yl)- 

cyclopentyIamino-purin-9- 

yl)-tetrahydro-furan-3,4-diol 

formate 


Analogous 
method to 

rouic d 


LC/MS (System A) 
Rt4.35 min. 

Ma<t<^ Qnofttnim m/y 4-64 
(MH*]. 


10 


(2S,3S,4R.5R)-2-(5- 
CyctoDropyl- 

[1 ^^Joxadiazol^-ylV&ie. 
(2S-hydroxy-cyclopent-(S)- 
ylaminoH>urin-9-yO- 
tetra hyd ro-f u ra n-3 ,4-d iol 


Analogous 
method to 
route A 


LC/MS (System D) 

Rt 2.32 min. ! 

Mass Spectrum mfc 430 { 

[MH*]. 


11 


(2R,3R t 4S,5S)-2-<6- 

Cyclopentylamino-purin-9- 

yl)-5-(5-cydopropyl- 

[1,3,4]oxadiazol-2-yl)- 

tetrahydro-furarv3,4-diol 


Analogous 
method to 
route A 


LC/MS (System D) 
Rt 2.44 min. 

Mass Spectrum m/z 414 
[MH*]. 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


12 


4-{9-[5S-(5-CycloprDpyl- 

[1,3,4Joxadiazol-2-yl)- 

3R f 4o-dinyaroxy- 

tetrahydro-furan-2R-yQ-9H- 

purin-6-ylamino}- 

piperidine-1-carboxylic acid 

ethyl ester 


Analogous 
method to 

rr\i it A A 


LC/MS (System D) 
Rt 2.57 min. 

Mass Soectrum vnfz 501 
[MH*]. 


13 


(2R,3R l 4S t 5S)-2-{D- 
Cydopentylamino-purin-9- 
yl)-5-(5-cydopentyl- 
[1,3,4]oxadiazol-2-yl)- 
tetra nyd ro-tu ra n-o ,4-c k>i 


A nllATIAI 1© 

Analogous 
method to 
route A 


Rt 2.74 min. 

Mass Spectrum mfr 442 
[MH*]. 


14 


(2S,3S t 4R,5R)-2-(5-tert- 
ButyKI ,3,4]oxadiazol-2-yl)- 
5-[6-(4-chloro-2-fluoro- 
phenylaminoH>urin-9-yIJ- 
leiranyuro-iuiano/Huiui 


Analogous 
method to 
route A 


LC/MS (System B) 
Rt 2.99 min. 

Mass Spectrum m/z 490 
[MH 4 ]. 


15 


(2R,3R,4S,5S>-2-(6- 
Cydopentylamino-purifv9- 
yl)-5-I1 ,3.4]oxadiazDl-2-yl- 
tetrahydro-furan-3,4-diol 


See below 
(route C) 


See below (route C) 


16 


(2S f 3S,4R,5R)-2-(5-Ethyl- 

oxazol-2-yl)-5-[6- 

(tetrahydro-pyran-4- 

ylamino)-purin-9-yl]- 

tetrahydro-furarv3,4-diol 


See below 
(route D) 


See below (route D) 


17 


(2S,3S,4R,5R)-2-(6- 

Cydopentylamino-purin-9- 

yl)-5-(5-cydopropyl- 

[1,3/4]thiadiazol-2-yl)- 

tetrahydro-furan-3,4-dlol 


See below 
(route E) 


See below (route E) 
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Table 1. Examples 


Ex 
No 


Name 


Expt. Details 
(note!) 


Characterising data 


18 


(2R,3R.4S,5R)-2-<6- 
lsopropylamino-purin-9-yl}- 
t>-( D-metnyi-4 ri- 
ll, 2/l]triazol-3-yl)- 
tetrahydro-furan-3,4-diol 
trifluoroacetate 


See below 
(route F) 


See below (route F) 


19 


(2S,3S t 4R,5R>-2-(3- 
Cyclopropyl- 

[1 ,2,4]oxadiazol-5-yl)-5-[6- 
(2S-hydroxy-cyclopent-(S)- 
ytamino)-purin-9-yll- 
tetrahydro-furan-3.4-diol 


See below 
(route G) 


LC/MS (System B) 

Rt 2.37 min. 

Mass Spectrum m/z 

430 rMH*l 


20 


(2S,3S,4R t 5R)-2-(3- 
PhenyKI ,2,4]oxadiazol-5- 
ylV^6-(tetrahydro-pyran- 
4-ylamino)-purin-9-yi]- 
tetrahydn>furan-3 > 4-diol 


Analogous 
method to 
route G 


TLCSi02(CH 2 Cl2:EtOH: 
88ONH3) 100:8:1 R f = 0.5 

Microanalysis Found: C.54.8; 
H. 4.9; N, 20. 

Requires C, 55.3; H, 5.3; N, 
19.6. 


21 


(2S.3S,4R,5R>-2-(3-tert- 

Butyl-[1 ,2,4]oxadiazol-5-yl)- 

5-[6-(2S-hydroxy- 

cyclopent-(S)-ylamino)- 

purin-9-yll-tetrahydro- 

furan-3,4-diol 


Analogous 
method to 
route G 


LC/MS (System B) 

Rt 2.57 min. 

Mass Spectrum m/z 

446 [MH*]. 
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Table 1. Examples 


Ex 
No 


Name 


Expt. Details 
(note 1) 


Characterising data 


22 


(2S,3S f 4R,5RV2-(3- 
Cydopropyl- 

[1 ^loxadiazol-S-ylJ-S-Ifr- 
(tetrahydropyran-4- 
ylamino)-purin-9-yl]- 
tetrahydra-furarv3,4-diol 


Analogous 
method to 
route G 


LC/MS (System B) 

Ri 2.39 min. 

Mass opecuum nvz 

430 [MH*]. 


23 


(2R,3R,4S,5S}-2-[6- 

(Tetrahydro-pyran-4- 

ylamino)-purin-9-yll-5-(3- 

thiazol-5-yl- 

[1 t 2,4]oxadiazol-5-yl)- 

tetrahydro-furarv3,4-dioI 


Analogous 
method to 
route G 


LC/MS (System B) 
Rt 2.29 min. 
Mass Spectrum m/z 

473 [MH*]. 


24 


(2S,3S,4R,5R)-2-(3-Meth^ 
[1 ,2 f 4]oxadiazol-5-yl)-5-[6- 
(tetrahydro-pyrarv4- 
ylamino)-purin-9-yl]- 
tetrahydro-furan-3,4-diol 


Analogous 
method to 
route G 


1 HNMR 5 (DMSO) 
8.42 (1H.S.CH), 8.20 
(1H,brs,CH), 7.82 
(1H,brd,NH), 6.18 (lH,d,CH), 
6.02 (1H,brd,OH), 5.90 
(1H,brd.OH), 5.22 (lH,d.CH), 
4.38 (1H,brs,CH). 3.94 
(2H,brd,2xCH equatorial). 
3.42 (2H.t,2xCH axial). 2.40 
(3H.s.CH 3 ). 1.90-1.60 
(4H.2xm.2xCH 2 ). 

Microanalysis Found: C. 50.6; 

H, 5.2; N, 24.3. 

Requires C. 50.6; H. 5.25; N. 

24.3. 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


25 


(2R,3R>4S,5S)-2-[6-(3- 

Fluoro-4-hydroxy- 

phenylamino)-purirv9-yl]-5- 

(3-methyl-[1 ,2,4]oxadiazol- 

5-y1Hetrahydro-furan-3,4- 

diol 


Analogous 
method to 
route G 


LC/MS (System C) 

R, 2.53 mln. 

Mass Spectrum m/z 

430 [MH 4 ]. 


26 


4-{9-[5R-{5-tert-Butyt- 

[1.2,4]oxadiazol-3-yl)- 

3R,4S-dihydroxy- 

tetrahydro-furan-2R-yQ-9H- 

puriiv6-ylamino}- 

piperidine-1-carboxylic acid 

ethyl ester 


See below 
(route H) 


LC/MS (System B) 

Rt 2.76 min. 

Mass bpectmm nvz 

517 {MH*J. 


27 


(2S,3S,4R,5R}-2-(3-tert- 

Butyl-isoxazol-5-yl)-5-[6- 

(2S-hydroxy-cyclopent-(S)- 

ylamino)-purin~9-yl}- 

tetrahydro-furan-3 t 4-diol 


See below 
(route I) 


Oct; DC IOW ^lUUlo 1/ 


9ft 


4R 5RV2-f3-tert- 
Buty^-isoxazo^5-yl)-5-[6- 
(tetrahydro-pyran-4- 
ylamino)-purin-9-yi]- 
tetrahydro-furarh3,4-diol 


See below 
(route I) 


See below (route 1) 


29 


(2R,3R,4S,5R)-2-(2H- 

Pyrazol-3-yl)-5-(6- 

tetrahydro-pyran-4- 

ylamino-purin-9-yl)- 

tetrahydro-furan-3,4-diol 


See below 
(route J) 


See below (route J) 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


30 


(2R,3R.4S,5R)-2-(5-tert- 
Butyl-2H-pyrazol-3-ylV&{6- 
cyclopentylamino-purin-9- 
vlHetrahydro^uran-3,4-diol 


(route K) 


Cap hplnw /rmifp \C\ 


31 


(2R,3R,4S,5S)-2-[6-(tS- 

hydroxymethyl-2-phenyt- 

ethy1amino)-2-methoxy- 

purin-9-yQ-5-(3-ethyl- 

isoxazol-5-ylHetrahydro- 

furan-3,4-diol 


See below 
(route L) 


See below (route L) 


32 


(1S,2R,3S,5R)-3-(3- 

Cyclopropyl- 

[1 ,2,4]oxadiazol-5-yl V&- 

f2S4iydroxy-cyclopent-(S)- 

ylamino)-purin-9-yl]- 

cyclopentane-1 .2-dtol 


See below 

* A. — |J\ 

(route M) 


See below (route M) 




butylamino)-9H-purirv^yll-5- 
(3~cydopropyl-1 ,2,4- 
oxadiazol-5- 

vl)tetrahydrofuran-3.4-diol 


Analogous 
method to route 
G 


LC/MS (System C) 
Rt2.91 min. 
Mass Spectrum 
m^402[MH 4 l. 


34 


(2S,3S,4R,5R)-2-(3- 
cydopropyM ,2,4-oxadiazol- 
5-yl>5^6-(i$opropylamino)- 
9H-purin-9- 

yl]tetrahydrofuran-3 t 4-diol 


Analogous 
method to route 
G 


LC/ MS (System C) 
Rt 2.54 min. 
Mass Spectrum 
m*388 [MH 4 ]. 
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Table 1. Examples 


Ex 
No 


Name 


Expt. Details 
(note 1) 


Characterising data 


35 


[2R,3R.4S,5S)-2-(6- > 
I(1R,2R)~2- 

hydroxycyclopentyl]amino}- 
9H^rin-9-yl)-5-<3-methyl- 
1,2,4-oxadiazol-5- 
dttetrahydrofuran-3.4-diol 


\nalogous 
Tieinoo lo rouie 


X/ MS (System C) 
R. 2 32 min 
Mass Spectrum 
rofc404[MH*]. 


36 


2S£S,4R,5R^2-(3~methy1- 
1 ,2 ( 4-oxadiazol-5-yl)-5-[6- 
(tetrahydro-2H4hiopyran-4- 
ylamino)-9H-purin-9- 
vntetrahydrofurarh3,4-diol 


Analogous 
method to route 
G 


LC/ MS (System C) 
■\i z.o*f min. 
Mass Spectrum 
mfc420 [MH*l. 


37 


ethyl 4-<{9-[(2R,3R.4S,5SV 

3,4-dihydroxy-5-(3-methyl- 

1,2,4-oxadiazol-&- 

y|)tetrahydrofurarv2-yl]-9H- 

purin-6-yl}amino)piperidine- 

1-carboxylate 


Analogous 
metnoa 10 rouie 
G 


LC/ MS (System C) 
2. 9 *>fi min 
Mass Spectrum 
mfc475[MH*]. 


38 


(2R 3R.4S.5SV246- 
(»sobutylamino)-9H-purin-9~ 
y0-5-(3-methyl-1 t 2,4. 
oxadiazol-5- 

ylttetrahydrofuran-3,4-diol 


Analogous 
method to route 
G 


LC/ MS (System C) 
Rt 2.51 min. 
Mass Spectrum 
mfc376lMH*]. 


39 


(2R,3R,4S,5S>2-{6- 
(cyclopentylaminoV9H-purin- 
9-yl]-5-(3-methyM,2 t 4~ 
oxadiazol-5- 

yQtetrahydrofuran-3,4-diol 


Analogous 
method to route 
G 


LC/ MS (System C) 

Rt 2.47 min. 
Mass Spectrum 
m^388[MH*]. 
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Table 1 . Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


40 


2R f 3R t 4S,5S)-2-{o- ' 
cydopropylmethyl)amino]- r 

3H-purin-&-yO-6-(3-methyl- 
^A-oxadiazol-S- 
)tetrahydrofuran-3 t 4-cioi 


nethod to route 

i 


_C/ MS (System C) 
Ri2.41 min. 
Mass Spectrum 
71^374 [MH*]. 


41 


(2R,3R,4S,5S)-2-[6- 
cyclopropylamino)-9H- 

purin-g-ylhHS-methy'- 1 
oxadiazol-5- 

vlKetrahvdrofuran-3.4-diol 


\nalogous 
method to route 
G 

* 


LC/ MS (System C) 
Ri2.17 min. 
Mass Spectrum 
m/z 360 [MH 4 ]. 


42 


(2R,3R.4S,5S>-2-[6-(2- 
uoroanilino)-9H-purin-9-yQ- 
5-(3-methyl-1 ,2,4-oxadiazol- 
5-Yl)tetrahydrofuran-3,4-diol_ 


Analogous 
method to route 
G 


LC/ MS (System C) 
R t 2.71 min. 
Mass Spectrum 
m/z414[MHl. 


43 


(2R.3R,4S.5S)-2-[6-(2,4- 
difluoroanmno}-9n-punn-y- 
yn-5^3-methyM t 2,4- 
oxadiazol-5- 

yl)tetrahydrofuran-3 t 4-diol 


Analogous 

mothrui to mute 

G 


LC/MS (System C) 
Rt 2 75 min. 
Mass Spectrum 
mfc432[MH + ]. 


44 


(2S,3S,4R.5R>-2-[3-(tert- 
butyl)-1 ,2,4-oxadiazol-5-yl]- 
5-{6- 

[(cyclopropylmethyl)amino]- 
9H-purirv9- 

yl}tetrahydrofuran-3,4-diol 


Analogous 
method to route 
N 


LC/MS (System C) 
Rt2.77 min. 
Mass Spectrum 
OV5Z416IMH*!. 


45 


(2S,3S,4R,5R)-2-[3-(tert- 
butyt}-1 ,2 # 4-oxadiazol-5-yU- 
5-{6-(isobutylamino>-9H- 
purin-9-yQtetrahydrofurat> 
3,4-diol 


See Below 
(route N) 


LC/ MS (System C) 
R, 2.88 min. 
Mass Spectrum 
mfe418[MH*]. 
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Table 1. Examples . 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


46 ; 

< 


H(9-{(2R.3R.4S,5S)-5-[3- / 
tert-butyl)-1,2.4-oxadiazol- ' 

jjhydroxytetrahydrofurarh2- 

/l}-9H-purin-e-yl)amino]-N- 

rnethylethanesutfonamide 


Analogous I 
nethod to route 1 
M 

'I 

J 


.CI MS (System C) 
*t 2.54 min. 
Vlass Spectrum 
mfc483[MH*). 


47 


(2S,3S,4R,5R)-2-[3-(tert. 
butyl)-1 f 2,4-oxadiazol-o-yiJ- 
5-{6-[(1 t 1-dioxldotetrahydro- 
2H4hiopyrar>4-yl)amino}- 
9H-purin-9- 

Yl)tetrahydrofuran>3 t 4-diol 


taalogous 

mothnd tn routs 
N 


LC/ MS (System C) 
R t 2.51 min. 
Mass Spectrum 
mfc494[MH*]. 


48 


2S.3S ,4R,5R)-^-lo-(ten- 
butyl)-1 ,2,4-oxadiazol-5-yl]- 
5-I6-(2-chloro-4- 
fluoroanilino)-9H-purin-9- 
Yi]tetrahvdrofuran-3.4-diol 


An^lnnotiS 

method to route 
0 


LC/ MS (System C) 
R, 3.20 min. 
Mass Spectrum 
mk490[MH*]. 


49 


(2S,3S,4R.5R>*-[3-(tert- 
butyl)-1 ,2,4-oxadiazo»-5-yl> 
5-[6-(2,4-dffluoroanilino)-9H- 
pu rin-9-yl]tetra hyd rofu rarv- 
3.4-diol 


See below (route 
0) 


LC/ MS (System C) 
R t 3.03 min. 
Mass Spectrum 
mfc474[MH 4 l. 


50 


(2S,3S,4R,5R}-2-{3-(tert- 
butylH ,2,4-oxadiazol-5-yQ- 
5-[6-(3.4-dffluoroanilino)-9H- 
purin-9-yl]tetrahydrofuran- 
3,4-diol 


Analogous 
method to route 
0 


LC/ MS (System C) 
Rt 3.32 min. 
Mass Spectrum 
m£474 [MH*]. 
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52 



Name 



(2R,3R.4S,5S)-2-l6- 
(cycJopropylamino)-9H- 
purin-9-yl]-5-(3-isopropyl- 
1,2,4-oxadiazol-5- 

ffitrah ydrofuran-3.4-diol 

(2R.3R,4S.5S)-2-[6- 
(isobutylamino)-9H-purin-9- 
yl}-5-(3-isopropyH .2,4- 
oxadiazol-5- 

y!Ketrahydrofuran-3.4-diol 



ExpL Details 

[note 1] 
Analogous 
method to route 

N 



Analogous 
method to route 
N 



53 



(2R.3R.4S.5S)-2-{6- 
cydopropylmethyl)amino]- 
9H-purin-9-yl}-5-(3-isopropyl- N 
,2,4-oxadiazol-5- 
yl>tetrahydrofuran-3.4-diol 



54 



55 



56 



Analogous 
method to route 



2-({9-{(2R.3R.4S.5S)-3,4 
dihydroxy-5-(3-isopropyl- 
,2,4-oxadiazol-5- 
yt)tetrahydrofuran-2-yr|-9H- 

purin-6-yI}amino)-N- 
methylethanesulfonamide 



(2R.3R.4S,5S)-2-l6-(2.4- 
difluoroanilino>9H-purin-9- 
yt]-5-(3-isopropyl-1 ,2,4- 
oxadiazol-5- 

yl)tetrahydrofuran-3.4-dlol 



Characterising data 

LC/ MS (System C) 
Rt 2.39 min. 
Mass Spectrum 
Life 388 [MH*]. 

LC/ MS (System C) 
R t 2.74 min. 
Mass Spectrum 
mfe^lMH*]. 



LC/ MS (System C) 
Rt 2.65 min. 
Mass Spectrum 
\m/z 402 \MH*]. 



Analogous 
method to route 
N 



LC/ MS (System C) 
Rt 2.58 min. 
Mass Spectrum 

Life 469 IMH*]- 



Analogous 
method to route 
O 



(2R.3R,4S.5S)-2-{6-(3,4- 
difluoroanilino)-9H-purin-9- 
yl]-5-(3-isopropyl-1 ,2,4- 

oxadiazol-5- 

itrahvdrofuran-3,4-diol 



LC/ MS (System C) 
R t 2.96 min. 
Mass Spectrum 
Life 460 {MH*1. 



Analogous 
method to route 
0 



LC/ MS (System C) 
R t 3.20 min. 
Mass Spectrum 
mfe460[MH*]. 
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T able 1. Examples 
Expt Details 
(note 1) 



57 (2R.3R,4S.5S)-2-l6-{4- 
fluoro-2-methylanilino)-9H- 
purin-9-yl}-5-(3-isopropyl- 
1,2,4-oxadiazol-5- 

tetrahvdrofuran-3.4-dk>l 

58 |(2S.3S,4R,5R)-2-[3- 
(dimethyiamino)-1 ,2,4- 
oxadiazol-5-yQ-5-[6- 
(tetrahydro-2H-pyran-4- 
ylamino}-9H-purin-9- 
yl]tetrahydrofuran-3,4-diol 



Characterising data 



Analogous 
method to route 
O 



Analogous 
method to route 
G 



LC/ MS (System C) 
|Rt 3.05 min. 
Mass Spectrum 
|m6456[MH*]. 

LC Si0 2 
|(CI 2 CH 2 :EtOH:880NH3 
95:5:0.5) Rt = 0.2 
Microanalysis Found C, 49.75; 
H. 5.90; N, 25.2. Cis^NsOs 
requires C. 49.5; H. 5.65; N. 
25.6 



59 |(2R.3R,4S.5S)-2-{6-{rel- 
(1S.2R.4R)- 
bicydol2.2.1]hept-2- 
ylamino]-9H-purin-9-yi)-5-(3- 
|cyclopropyl-1 ,2 ,4-oxadiazol- 
4-diol 



Analogous 
method to route 
G 



60 |ethyl4-{{9-l(2R,3R,4S,J 
|(3-cyclopropyl-1,2.4- 
|oxadiazol-5-yl)-3,4- 
| dihyd roxytetra hyd rofu ran-2- 
[yl]-9H-purin-6- 
jyl}amino)piperidine-1 - 
carboxylate 

61 |(2S,3S.4R.5R)-2-[3-(tert- 
ibutyl)-1 ,2,4-oxadiazol-5-yll- 
j5-{6-(isopropylamino)-9H- 
lpurirv-9-yQtetrahydrofuran- 
3.4-diol . 



5S)-5- Analogous 



method to route 



LC/MS (System B) 
|Ri 2.81 min. 
Mass Spectrum 
Lfe440 (MH 4 ! 



LC/MS (System B) 
|Rt2.57min. 
Mass Spectrum 
Li 501 [MH*1 



Analogous 
method to route 
G 



LC/MS (System B) 
Rt 2.69min. 
Mass Spectrum 
Li 404 [MH*1 
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Table 1. Examples 
Ex I Name I Expt. Details 
m« (note 1) 


Characterising data 


62 (2R,3R,4S,5S)-2-[6-(4- V 
chloro-2-fluoroanilino)-9H- r 
purin-9-yO-5-(3-cycloprDpyl- < 
1,2,4-oxadiazol-5- j 
y|)tetrahvdrofuran-3.4-diol 


Analogous L 
nethod to route f 

3 » 

1 


.C/MS (System B) 
It 3.05min. 
tfass Spectrum 
nfc474[MH*] 


63 ethyl 4-({9-l(2R.3R.4S.5S)- L 
3.4-dihydroxy-5-(3-lsopropyl- 
1.2,4-oxadiazol-5- 
M)tetrahydrofuran-2-yQ-9H- 
purin-6-yl)amino)piperidine- 
1-carboxylate 


■\naiogous 1 
method to route 
G 


LC/MS (System B) 
Ri 2.73min. 

ass Spectrum 
mfc503[MH*) 


64 (2R,3R.4S.5S)-2-{6-trel- 
(1S.2R.4R)- 
blcyctol2.2.1]hept-2- 
ylamino]-9H-purin-9-yl}-5-(3- 
JisopropyH ,2 ,4-oxadiazol-5- 
lyl)tetrahydnofurar>-3,4-dk>l 


Analogous 
method to route 

,G 


LC/MS (System A) 
Rt 4.27min. 
Mass Spectrum 
mfc442[MHl 


65 2-<{9-[(2R.3R.4S.5S)-5-<3- 
IcyclopropyM ,2,4-oxadiazol- 
5-yl>3,4- 

Idihyd roxytetrahyd rofu ran-2- 

Ml-9H-purir^yi}amino)-N- 

methvlethanesulfonamide 


Unalogous 
method to route 
G 


LC/MS (System B) 
R,2.33min. 
Mass Spectrum 
m/z 467 NIH*] 


66 (2R,3R,4S,5S)-2-l2-Chloro- 
6-(1-ethyl-propylamino)- 
purin-9-yll-5-(3-propyl- 
lisoxazol-5-y1)-tetrahydro- 
kuran-3,4-diol formate 


Analogous 
method to route 
L 


LC/MS (System A) 
R,4.68min. 
Mass Spectrum 
mfc451 [MH*1 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


67 


^SS^SR^-tS-tfert- 
butyl)-4H-1 ,2/Mriazol-3-yI}- 
5-[6-(4-chloro-2- 
uoroanilino)-9H-purin-9- 
vTOetrahydrofuran-S^-diot 


•Vnaiogous 
method to route 

- 


Rt3.01min. 
Mass Spectrum 
mfc489 [MH 4 ] 


68 


2R,3R.4S,5R)-2-l6-(2- 

chloro-4-fluoroanilino>-9H- 

purin-9-yO-5^5-isopropyWH- 

,2,44riazol-3- 
yl)tetrahydrofurarv3 t 4-diol 


Analogous 
method to route 


LC/MS (System C) 
■\t z.oymin. 
Mass Spectrum 
m/z 475 [MH 4 ] 


69 


2-4{9-l(2R,3R,4S,5S)-3,4- 
dihydroxy-S^rnethyM J2 t 4- 
oxadiazol-5- 

yl)tetrahydit>furan-2-yl]-9H- 

purin-6-yl}amino)-N- 

methylethanesutfonamide 


Analagous 
method to route 
G 


Analysis: dsHajNaOeS 

Cruinrl % P'AO H' 4 72 Nl 

24.89 Required % 
C:40.9.H:4.63.N:25.24 M<Z 

[M+H] 441 


70 


(2R,3R # 4S t 5S)-2-{6-l(trans- 
4*hvdroxvcvclohexvI)aminoV 
9H-purin-9-yl}-5-(5-methyl- 
1 .S-oxazol-2- 
vi)tetrahydrofuran-3.4-diol 


Analagous 
method to route 
D 


M/Z[M+H] 417 


71 


(2S,3S,4R,5R)-2-(3-methyl- 

1 ,2,4-oxadiazol-5-y1)-5-<6- 

{[(1R>-1-methyl-2- 

phenylethyl]amino}-9H- 

purin-9-yi)tetrahydrofuran- 

3.4-diol 


Analagous 
method to route 
G 


Analysis: C21H23N704 
Found %C:56.41,H: 5.32 N: 
21.78 Required % 
C: 56.49, H:5.42. N:21.96 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(noteD 


Characterising data 




1 ,3-oxazol-2-yl)-5-{6-I(trans- 
4-hydroxycyclohexyl)aminol- 
9H-purin-9- 

yi}tetranydroturan-3,4-aioi 


Mnaiagous 
method to route 
D 


rMlaiyolo. UcUntUNOUJ 

Found % C:54.5, H: 6.0 N: 
18.8 Required % 
C:55.8.H:6.1,N:19.5 M/Z 

fM+UH AIO 


73 


(2S,3S.4R.5R)-2-{5-ethyl- 

1 .3- oxazol-2-yl)-5-[6-(3- 
fluoro-4-hydnoxyanilino)-9H- 
purin-9-yl]tetrahydrofuran- 

3.4- diol 


Analagous 
method to route 
D 


Analysis: C20H19FN6O5 
Found % C:53.6, H: 4.65 N: 
18.1' Required % 
C:53.2,H:4.5,N:18.6 M/Z 
[M+H] 443 


74 


/on on it o ro\ o r/> /o 

(2R,3R,4S t 5S}-2-[6-(3- 
fluoroanilino)-9H-purin-9-yll- 
5-<5-methyH ,3-oxazol-2- 
yl)tetrahydrofuran-3 t 4-diol 


Analagous 
method to route 
D 


M/Z. 1 M+nJ 4 io 


75 


(2S^S,4R,5R)-2-{5-ethyl- 
i ,o-oxazoi-z-yi )-;>-(o- 
{[(1S,2R)-2- 

fluorocyclopentyl]amino}-9H- 

purin-9-yl)tetrahydrofuran- 

3,4-diol 


Analagous 
rneuioo io ruuit? 
D 


M/Z [M+H] 419 


76 


(2R 3R 4S 5SV2-[6-(4- 
fluoroanilino)-9H-purin-9-yI]- 
5-(5-methyM ,3-oxazol-2- 
yl)tetrahydrofuran-3,4-<liol 


Analogous to 
route D. See 
below (route P) 
for synthesis of 
intermediate. 


Rf - 0.18 (Dichloromethane: 
etna nol :880a mmonia 
100:10:1) 
M/Z [M+H] 413 


77 


(2S,3S.4R,5R)-2-[3-<tert- 
butyl)- 1 f 2,4-oxadiazol-5-yl]- 
5-[6-(tetrahydn>2H-pyrar>4- 
ytamino)-9H-purin-9- 
yl]tetrahydrofuran-3.4~diol 


Analogous 
method to route 
G 


LC/MS (System A) Rt2.53 
min.Mass Spectrum m/z 446 
[MH+]. j 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


78 


(2R,3R.4S.5S)-2-{6-[rel- 

(1S.2R.4R)- 

bicyclop.2.1]hept-2- 

ylaminoj-9H-punn-9-yl}<>43- 

(tert-butyl)-1 ,2,4-oxadiazol- 

5-yl]tetrahydrofuran-3 t 4-diol 


Analogous 
method to route 
6 


LC/MS (System A) Rt 3.03 
min.Mass Spectrum m/z 456 
[MH+]. 


79 


ethyl 4-{(9-{(2R,3R l 4S,5S)-5- 

P-ftert-butylJ-l^^ 

oxadiazol-5-yl]-3,4- 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6- 

y))amino]piperidine-1- 

carboxytate 


Analogous 
method to route 
G 


LC/MS (System A) Rt 2.77 
min.Mass Spectrum m/z 451 7 
[MH+J. 


80 


2-{(9-{(2R,3R,4S l 5S)-5-[3- 

(tert-DutyijisoxazoK^yij-o^ 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6-yl)amino}-N- 

methytethanesuffonamide 


Analogous 
metnoo xo route i 


LC/MS (System B)Rt 3.76 
mm. ivi ass opeoiruni uuz. ho^ 
[MH+J. 


81 


(2S,3S,4R,5R)-2-[3-(tert- 

butyl)isoxazol-5-yl>5-(6- 

{[(1S,2S)-2- 

fl uorocvcl o oen tv)laminoV9H- 

purin-9-yl)tetrahydrofuran- 

3,4-diol 


Analogous 
method to route I 


LC/MS (System B) Rt 4.20 
min.Mass Spectrum m/z 447 
[MH+J. 


82 


ethyl 4-[(9-{(2R,3R,4S.5S)-5- 

[3-(tert-butyl)isoxazol-5-yl]- 

3.4- 

dihyd roxytetra hyd rof urarv2- 
yl}-9H-purin-6- 
yl)amino]piperidine-1- 
carboxylate 


Analogous 
method to route I 


LC/MS (System B)Rt 4.06 
min.Mass Spectrum m/z 516 
[MH+J. 
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Table 1. Examples 


Ex 

his* 
NO 


Name 


ExpL Details 
I note ijf 


Characterising data 


83 


(2S.3S,4R,5R)-2-[3-(tert- 
butyl)isoxazol-5-y0-5-{6- 
(cydopentylamino)-9H-purirv 
&-y0letrahydrofuran-3,4-diol 


Analogous 
method to route I 


LC/MS (System B) 
Rt 4.18 min. 
Mass Spectrum 
m/z429 [MH+], 


84 


2-{{9-[(2R f 3R f 4S,5S>-5-(5- 
ethyM ,3-oxazol-2-yl)-3,4- 
dihydroxytetrahydrofuran-2- 
yl]-9H-purirh6-yl}amino)-N,N- 
dimethytethanesulfonamide 


See below (route 
Q). 


Mass Spectrum 
mfr[MH]+ = 468 


85 


2-({9-[(2R l 3R,4S,5S)-5-(5- 
ethyt-1 > 3-oxazol-2-yl)-3 i 4- 
dihydroxytetrahydrofuran-2- 
yl]-9H-purirv6-yl}amino)-N- 
methyiethanesulfonamide 


Analagous 
method to route 
Q. 


Mass Spectrum 
rrvz(MH]+ - 454 


86 


ethyl 4-{{9-[(2R f 3R t 4S,5S)-5- 
(o-etnyi-i , o-oxazoi-z-yi )-o ,4- 
dihydroxytetrahydrofuran-2- 
yt]-9H-purirv6- 
yI}amino)piperidine-1 - 
ca rbo wlat p 


Analagous to 
rouxe u. 


Mass Spectrum 


87 


(2R,3R,4S,5S)-2-{6-[(2,3- 
dihydroxypropyl)aminol-9H- 
purin-9-yl}-5-{5-ethyM ,3- 
oxazol-2-yl)tetrahydrofurarv 
3,4-diol 


Analagous to 
route Q. 


Mass Spectrum 
m/z[MH]+ = 407 


88 


(2R,3R,4S,5S>.2-[6-(2,4- 
difluoroanilino>-9H-purin«9- 
yl]-5-(5-ethyM ,3-oxazol-2- 
y1)tetrahydrofurarv3,4-diol 


Analagous to 
route Q. 


Mass Spectrum 
mkfMH]+ = 445 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


89 


(2S.3S.4R,5R)-2-(5-ethyl- 
{[(1S,2S>-2- 

hydroxycydopentyQamino}- 
9H-purin-9- 

yl)tetrahydrofuran-3 ( 4*diol 


Analagous to 
route u. 


Mass Spectrum 

m/7fHAHl+ = 417 

Ffl/£-[lViriJ~ — Hit 


90 


(2S,3S,4R,5R)-2-(5-ethyl- 
1 t 3-oxazoi-2-yl)-D-[D-[(3R)- 
tetrahydrofuran-3-ylamino}- 
9H-purin-9- 

yl}tetrahydrofuran-3,4-diol 


Analagous to 
route Q. 


Mass Spectrum 


91 


(2R,3R,4S,5S)-2-(6-{K1 R)-2- 
methoxy-1- 

methylethyl]amino}-9H- 
purin-9-yl)-5-(5-methyl-1 ,3,4- 
oxadiazol-2- 

yl)tetrahydrofuraiv3 t 4-diol 


Analagous 
method to route 
C 


Microanalysis 

Found: C.46.7; H.5.3; N.23.6. 
C 16 H2iN70 5 requires: 
C.46.9; H, 5.7; N.23.95. 


92 


(2R,3R.4S.5S)-2-{6- 
f^vclQDfinh/!arTiirioW9H-DLiriri- 

\\*y\*9\J\J&* lljf Kll 1 III IV/^JI I^/wllli^ 

9-yl>5^3^ethyM,2,4~ 
oxadiazol-5- 

yl)tetrahydrofuran-3,4-diol 


See below (route 
R) 


TLCS1O2 (ethyl 
acetate:methanol 19:1) Rf = 
0.30 

NMR (DMSO) 8.43 j 
(1H.S.CH); 8.20 (lH,br.s,CH); 
7.79 (1H,br.d,NH); 6.45 (2H, 
v.br.s ,2x OH); 6.16 (1H,d.CH); 
5.24 QH.d.CH); 4.89 
(lH,t,CH); 4.73 (1H.t.CH); 4.58 
(1H,br.m,CH); 2.42 (3H.s.Me); 
2.10-1 .50 (8H,m.4xCH 2 ) 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


93 


(2R,3R,4S,5S)-2-(6- 
fl(1R.2R)-2- 

hydroxycydopentyQamino}- 
9H-punn-9-yl)-5-{5-pheny1- 
1,3.4-oxadiazol-2- 
yl)tetrahydrofuran-3,4-diol 


Analagous 
method to route 
A 


TLC Si0 2 (CH2CI 2 :MeOH: 
880NH 3 92:8:0.3) Rf = 0.14 
Microanalysis 

rouna. u,oo./, n t o. i, iN t zu.o. 
C22H23N7O5 requires: 
C,55.7;H, 5.1;N,20.7 


94 


(2R,3R,4S,5S)-2-{6-[rel- 

(1S,5S,6R)- 

bicyclo[3.2.0]hept-6- 

ylamino]-9H-purirh9-yl}-5-(3- 

methyM ,2,4-oxadiazol-5- 

ylJtetrahydrofuran-S/l-diol 


Analagous 
method to route 
G 


Microanalysis 

Found: C.54.2; H.5.7; N>22.65. 
C19H23N7U4. O.oMeUn 
requires: 

C.54.5; H, 5.9; N.22.8. 


95 


(2R,3R.4S,5S)-2-{6-[rel- 

(1S,2S,4R)- 

Dicydo[^.z . i jnepw- 

ylamino]-9H-purin-9-yl}-5-(3- 

methyH ,2,4-oxadiazol-5- 

yl)tetrahydrofuran-3,4-diol 


Analagous 
method to route 


Microanalysis 

Found: C,54.4; H,5.7; N.23.1. 
C.54.25; H, 5.7; N.23.3. 


96 


(2R,3R/4S,5S)-2-{6-{rel- 

(1S,2R,4R)- 

bicvclof2 2 1lheDt-2- 

ytamirK)]-9H-purin-9-yl}-5-[5- 

(tert-butyl)-1 ,3.4-oxadiazol- 

2-yl]tetrahydFofuran-3 f 4-diol 


Analagous 
method to route 
A 


LC/MS (System B) 
Rt = 3.18min 
Mass Spectaim 
mfc544fMH*] 


97 


(2R,3R,4S,5S)-2-{6-{rBl- 

(1S.2R.4R)- 

bicyclo[2.2.1]hept-2- 

y»amino]-9H-purirv9-yl}-5-{5- 

isopropyH ,3,4-oxadiazol-2- 

yl)tetrahydrofuran-3 t 4-diol 


Analagous 
method to route 
A 


LC/MS (System B) 
R, = 2.66mtn 
Mass Spectrum 
m/z 442 [MH*] 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


98 


ethyl 4-({9-[(2R,3R,4S.5S)- 

3,4-dihydroxy-5-(5-isopropyl- 

j ,3 f 4-oxadiazoi-2- 

yt)tetrahydrofuran-2-y^9H- 

purin-&-yl}amino)piperidine- 

1-carboxylate 


Analagous 
method to route 

A 

A 


LC/MS (System B) 
Rt = 2.47min 

iviass opeujurii 
mk503[MH*] 


99 


2-[(9-{(2R f 3R l 4S,5S)-5-[5- 
(tert-butyl)-1 ,3,4-oxadiazol- 
2-yQ-3>4- 

dihydroxytetrahydrofurarv2- 

yl)-9H-purin-6-yl)aminoHsl- 

methylethanesutfonamide 


Analagous 
method to route 
A 


LC/MS. (System B) 
R t = 2.32min 
Mass bpecuum 
mfc483 [MH 4 ] 


100 


(2S,3S t 4R,5R>-2-[&{tert- 

Dutyi)- 1 ,o,4-oxaa»azohz-yij- 

5-(6-fl(1R,2R>-2- 

fluorocyclopentyllamino}-9H- 

purin-9-yl)tetrahydrofuran- 

3,4-diol 


Analagous 

mAlknH ir\ rr~\t (fn 

memoa 10 ruuit? 
A 


LC/MS (System B) 

rxf fc.OOITllll 

Mass Spectrum 
m£448[MH*] 


101 


(2S,3S.4R,5R)-2-[3-(tert- 
butyl)-1 ,2 f 4-oxadiazol-5-yl}- 
5^6^tetrahydro-2H-pyrarv4- 
ylamino}-9H-purin-9- 
yQtetrahydrofuran-3,4-diol 


Analagous to 
route G 


LC/MS (System B) 
R t = 2.53min 
Mass Spectrum 
mfc446[MH*l 


102 


(2R,3R.4S.5S)-2-{6-[ret- 

(1S.2R.4R)- 

bicyclo[2.2.1]hept-2- 

ylamino]-9H-purin-9-yl}-5-{3- 

(tert-butyl)-1 ,2,4-oxadiazol- 

&-y0tetrahydrofuran-3,4-diol 


Analagous to 
route G 


LC/MS (System B) 
Rt = 3.03min 
Mass Spectrum 
m^456[MHl 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(notel) 


Characterising data 


103 


ethyl 4-[(9-{(2R I 3R,4S,5S)-5- 

[3-(tert-butyl>-1.2.4- 

oxadiazol-5-yll-3,4- 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6- 

yl)amino]piperidine-1- 

carboxylate 


Analagous to 
route G 


LC/MS (System B) 
Rc = 2.77min 

Mace ^nortniirt 


104 


2-[(9-{(2R,3R,4S.5S)-5-[3- 

1ert-butyl)isoxazol-5-ylj-3 ( 4- 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6-yl)aminol-N- 

methylethanesulfonamide 


Analagous to 
route 1 


LC/MS (System A) 

D — Q 7£min 
K| — o.f OlTlin 

Mass Spectrum 
m/z 482 [MH*J 


105 


(2S,3S,4R,5R)-2-[3-{tert- 

butyl)isoxazDl-5-yl]-5-{&- 

{[(1S.2S)-2- 

tiuorocyciopeniyijaminoj-yri- 

purin-9-yl)tetrahydrofuran- 

3,4-diol 


Analagous to 
route I 


LC/MS (System A) 
R t = 4.20min 
Mass Spectrum 
m/z 447 fMH*1 

fit/*. w ■ » 1 J 


106 


ethyl 4-[(9-{(2R,3R.4S.5S)-5- 

f34tert*utv0isoxazol-5-yn- 

3,4- 

dihydroxytetrahydrofurarv2- 
yt)-9H-purin-{>- 
yl)amino]piperidine-1- 
carboxylate 


Analagous to 
route 1 


LC/MS (System A) 
Ri = 4.06min 
Mass Spectrum 
m^516lMH*J 


107 


(2S f 3S,4R,5R)-2-[3-<tert- 
butyl)isoxazol-5-ytJ-5-[6- 
(cyclopentylamino)-9H-purin- 
9-yl]tetrahYdrofurarv3,4-diol 


Analagous to 
route 1 


LC/MS (System A) 
Rt = 4.18min 
Mass Spectrum 
/nfc429[MH*l 
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Table 1. Examples 



Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


108 


(2S,3S,4R.5R)-2-(5- 
cvcloDroDvt-1 3 4-oxadiazol- 
2-yl)-5-{6-(tetrahydro-2H- 
pyran-4-ylamino)-9H-purin- 
9-yl]tetrahydrofuran-3,4-diol 


Analagous to 
route A 


LC/MS (System D) 
R, = 2.28min 
Mass Spectrum 
mfc430 [Mhf] 


109 


(2S,3S,4R.5R)-2-(5- 
cydopentyH ,3,4-oxadiazol- 
2-yl)-5-(6-{I(1S,2S)-2- 
ivH rn*vrvnl n oa n tvfl a m i nnV- 

1 VVJI wAY w? WUUwl lljIJCIII III *\Jj 

9H-purin-9- 

yl)tetrahydrofuran-3,4-diol 


Analagous to 
route A 


LC/MS (System D) 
R t = 2.59min 
Mass Spectrum 
m/z 458 [MH*1 


110 


ethyl 4-({9-[(2R,3R,4S f 5S>-5~ 

(5-cyclopentyf-1 ,3,4- 

oxadiazd-2-yl)-3,4- 

d i h yd roxytetra h yd rof u ra n-2- 

yl]-9H-purin-6- 

yI}arnino)piperidine-1 - 

carboxytate 


Analagous to 
route A 


LC/MS (System D) 
Rt = 2.82min 
Mass Spectrum 
m£529 \MH*] 


111 


(2S,3S,4R,5R)-2-(5- 

cydopentyl-1 ,3,4-oxadiazol- 

2-yl)-5-(6-{[(1R,2R)-2- 

fluorocyclopentyllamino}-9H- 

purin-9-yl)tetrahydrofuran- 

3,4-diol 


Analagous to 
route A 


LC/MS (System D) 
Rt = 2.93min 
Mass Spectrum 
m/z 460 [MH*] 


112 


(2R,3R.4S,5S)-2-[6-(4- 

chloro-2-fluoroanilino)-9H- 

purin-9-y0-5-{5-cyclopropyl- 

1,3,4-oxadiazol-2- 

yl)tetrahydrofuran-3,4-diol 


Analagous to 
route A 


LC/MS (System B) 
Rt = 2,84min 
Mass Spectrum 
mfc474[MH 4 ] 
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Table 1. Examples 


Ex 
No 


Name 


Expt. Details 
(note 1) 


Characterising data 


113 


(2K,3R,4S l 5S)-2-[o-(4- . 

chloro-2-fluoroani1ino)-9H- 

purirv9-yQ-5-(5-cyclopentyl- 

1 f 3,4-oxadiazol-2- 

y))tetrahydrofuran«3,4-diol 


Analagous to 
route A 


LUMo \oysiem o) 
Rt = 3.05min 
Mass Spectrum 
mfc502[MH*] 


114 


(2S,3S.4R,5R}-2-[5-{tert- 
butyl)-1 ,3,4-oxadiazol-2-yl]- 
5-[6-(2-fluoroanilino)-9H- 
purirv9-yl]tetrahydrofuran- 
3,4-diol 


Analagous to 
route A 


LC/MS (System D) Rt 
= 2.88min 
Mass Spectrum 
mfc456 [MH*1 


115 


(2S,3S,4R,5R)-2-{5-(tert- 
butyl )-1 ,3,4-oxadiazol-2-yl}- 
5-[6-(2,3-difluoroanilino>-9H- 
purin-9-yqtetrahydrofuran- 
3,4-dk>l 


Analagous to 
route A 


LC/MS (System D) 
Rt = 2.96min 
Mass Spectrum 
m*474[MH*] 


1 ID 


(£b ,oo ,4K, DK)-^-p-(ten> 

butylH ,3,4-oxadiazol-2-yrh 
5-[6-(2-chlon>-4- 
fluoroanilino)-9H-purin-9- 
yOtetrahydrofuran-3,4-diol 


Analagous 10 
route A 


LI// iVIO ^oyoioin L/J 

R t = 3.05min 
Mass Spectrum 
mfc490 [MH*J 


117 


(2S,3S,4R,5R)-2-{5-<tert- 
butvlVI 3 4-oxadia7nU2-vtV 
5-[6-(4-fluoro-2- 
methylanilino)-9H-purin-9- 
yf|tetrahydrofuran-3,4-diol 


Analagous to 
route A 


LC/MS (System D) 
Rt = 2.86min 
Mass Spectrum 
mfc470[MKf] 


118 


(2R,3R,4S,5R)-2-{2-ch!oro- 

6-[(1-ethylpropyl)amino]-9H- 

purin-9-yl}-5-(5- 

ethylisoxazol-3- 

yi)tetrahydrofurarv3,4-dk>l 

formate 


See below (route 
S). 


LC/MS (System C) 
Rt = 3.41min 
Mass Spectrum 
m/z437[MH*) 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


119 


(2S.3S,4R.5R)-2-I3-(tert- 
Duly] jjsoxazoi-i>-yij-i>-\o- 
[(1 .1-dioxidotetrahydro-2H- 
thiopyran-4-yl)amino]-9H- 
purin-9-yl}tetrahydrofuran- 
3,4-diol 


Analagous to 

steps reverse 
order) 


LC/MS (System C) 
R» = 2 61min 

X| kiV/ III! Ill 

Mass Spectrum 
mfc493 [MH*] 




(Zo ,oo,4 K,oK)-^-|o-tieri- 
butyl)isoxazol-5-yl]-5-[6-{2- 
chlono-4-fluoroanilino)-9H- 
purin-9-yQtetrahydrofuran- 

O p *r-GIUI 


route 1 (last 2 
steps reverse 
order) 


Rt = 3.29min 
Mass Spectrum 
m/z 489/491 [Mhf] 


121 


(2S,3S,4R,5R)-2-[3-(tert- 

butyt)isoxazol-5-yl>546-(4- 

fluoro-2^ethylanilino)-9H- 

purin-9-yfltetrahydrofuran- 

3,4-<iiol 


Analagous to 
route 1 (last 2 
steps reverse 
order) 


LC/MS (System C) 
Rt = 3.09min 
Mass Spectrum 
m/z 469 [MH 4 ] 




J2S 3S 4R 5RV2-f3«/tert- 
butyl)isoxazol-5-yl^[6-(2- 
chtoroanilino}-9H-purin-9- 
yfltetrahydrofurarv3 t 4-<liol 


Analanous to 
route 1 (last 2 
steps reverse 
order) 


LC/MS (System C) 
Rt = 3.25min 
Mass Spectrum 
mtz 471/473 rMHl 


123 


2-[(9-{(2R,3R,4S,5S)-5-[5- 
(tert«i>utyl)-1 ,3,4-oxadiazol- 
2-yl]-3,4- 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6-yl)amino)-N- 

ethylethanesuffonamide 


Analogous to 
route T 


LC/MS (System C) 
Rt 2.52 min. 
Mass Spectrum 
mfc497 [MH 4 ]. 


124 


(2S t 3S,4R,5R)-2.[5-(tert~ 
butyl V1 ,3.4-oxadiazol-2-yl]- 
JH<H[2- 

(ethytsulfonyl)ethyl]amino}- 
9H-purin-9- 


Analogous to 
route A 


LC/MS (System C) 

Rt 2.45 min. j 

Mass Spectrum 

mfc482 [MH*]. 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 




yl)tetrahydrofurarv3,4-diol 






125 


(2S,3S,4R.5R)-2-[5-(tert- 
butyl>-1 ,3,4-oxadiazol-2-yl]- 
^6-{[2- 

(butylsulfonyl)ethyQamino}- 
9H-purin-9- 

yl)tetrahydrofuran-3,4-dio! 


Analogous to 
route A 


LC/ MS (System C) 
Rt 2.6 min. 
Mass Spectrum 
m&SIOlMH 4 !. 


126 


2-[(9-{(2R,3R,4S.5S)-5-[5- 
(tert-butyl)-1 ,3,4-oxadiazo!- 
2-yl]-3,4- 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6-yl)aminol-N- 

(3- 

methylphenyt)ethanesutf6na 
mide 


Analogous to 
route A 


LC/ MS (System C) 
Rt 2.79 min. 
Mass Spectrum 
m/z 559 [MH*]. 


127 


2-<{9-[(2R,3R,4S,5S)-3.4- 
dihydroxy-5-(5-methyl-1 ,3- 
oxazol-2-y1)tetrahydrofuran- 
2-yl]-9H-purin-6-yl}amino)-N- 
methylethanesulfonamide 


Route V 


Mass Spectrum 
mfz 440 [MH*]. 
TLC S1O2 

(dichloromethane:ethanol:amm 
onia 50:8:1) R f 0.21. 


128 


2-[(9-{(2R,3R,4S,5S)-5-[5- 
(tert-butyl)-1 ,3,4-oxadiazol- 
2-yl]-3.4- 

dihydroxytetrahydrofuran-2- 

yl>-9H-purin-6-yl)amino>N- 

phenylethanesulfonamide 


Analogous to 
route A 


LC/MS (System C) 
Rt 2.7 min. 
Mass Spectrum 
mfr545 [MH*). 



WO 99/67262 



PCT/EP99/04182 



65 



Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


129 


(2R,3R,4S,5S)-2-t6- 
cycfop8ntyiarnino)-yn-punn- 
9-yf]-5-[3^methoxyniethyl)- 
1,2,4-oxadiazol-5- 
yT|tetrahydrofurarv3,4-diol 


Analogous to 
rouxe o 


Analysis: Found (%): C 49.5; H 
t\ A- M 91 Q Rpnuirpd for 
C,8H23N70 5 .1.2 H 2 0 C 49.3; H 
5.8; N 22.3. 


130 


(2R f 3R.4S,5R)-2-[6- 

cyclopentylamino)-9H-purin- 

9-yl>5^1,5^imethyMH- 

1,2,4-triazol-3^ 

yl)tetrahydrofuran-3,4-diol 

trifluoroacetate 


Route X 


Analysis: Found (%): C 44.4; H 
4.8; N 20.4. Required for 
C 18 H24N803.CF 3 C02H.1.5 H 2 0 
C 44.4; H 5.2; N 20.7. 


131 


(2S t 3S,4R f 5R}-2-<5-ethyl- 
1 ,3/M>xadiazol-2-yl)-5-{6- 
(isopropylamino)-9H-purin-9- 
yljtetrahydrofurarv3,4-diol 


From 

ntermediate 17, 
analagous to 
route C 


Analysis: Found (%): C 50.0; H 

5.7; N 24.7. C16H21N7O4.O.I 

CH2CI2. 0.1 H2O requires C 

50.1; H 5.6; N 25.4. 

TLC Si0 2 (dichloromethane: 

methanol: ammonia 94:6:1) Rf 

0.21. 


132 


(2R,3R.4S.5S)-2-<6- 
fl(1S,2S)-2- 

hydroxycydopentyl]amino}- 
9H-purin-9-yl>-5-(5Hmethyl- 
1,3.4-oxadiazol-2- 
yl)tetrahydrofuran-3,4-diol 


Analagous to 
route A 


Analysis: Found (%): C 48.9; H 
5.4; N 21 .8. C17H21N7O5. 0.9 
H20. 0.4EtOAc requires C 
49.1 ; H 5.8; N 21 .6. 
TLC Si0 2 (ethyl 
acetate:methanol 7:1) Rf 0.45. 


133 


(2S t 3S f 4R t 5R)-2-[3-(methyl)^ 
1 Z4K>xadiazol-5-yl]^5-[6-(2- 
chloro-4-fluoroannino)-9H- 
purin-9-yQtetrahydrofuran- 
3,4-dio! 


Analagous to 
route G 


LC/ MS (System C) 
R, 2.91 min. 
Mass Spectrum 
mk448[MH"|. 
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Table 1. Examples 


Ex 
No 


Name 


Expt. Details 
(notel) 


Characterising data 


134 


(2R,3R,4S,5S)-2-{2-chloFO- 
6-((1 -ethylpropyl)amino]-9H- 
puriiv9-yl}-5-(3-cyclopropyl- 
1,2,4-oxadiazol-5- 
yl)tetrahydrofuran-3,4-diol 
formate (1:2) 


Analagous to 
routes B and R 


LC/MS (System C) 
Rt 3.22 min. 
Mass Spectrum 
m/i450 [MH*]. 


135 


(2S,3S,4R,5R)-2-(3~ 

ethyfisoxazol-5-yl)-5-[6- 

(tetrahydro-2H-pyran-4- 

ylamino)-9H-purin-9- 

y0tetrahydrofuran-3,4-diol 


Analagous to 
route L 


LC/MS (System C) 
Rt 2.46 min. 
Mass Spectrum 
m/z 417 [MH*]. 


136 


(2S,3S,4R,5R)-2-{3- 
ethylisoxazol-5-yl}-5-(6- 

hydroxycyclopentyl]amino}- 
9H-purin-9- 

yt)tetrahydnofurar>-3 f 4-diol 


Analagous to 
route L 


LC/ MS (System C) 
Rt 2.51 min. 
Mocc Snectrum 

1 V 1 CI ww wUvvil Will 

mfzAM [MH*]. 


137 


N-ethyl-2-<{9- 

[(2R,3R,4S,5S)~5-<3- 

ethylisoxazol-5-yl)-3,4- 

dihydroxytetrahyd rofuran-2- 

yl]-9H-purirv6- 

yl}amino)ethanesulfonamide 


Analagous to 
route L 


LC/ MS (System C) 
Rt 2.53 min. 
Mass Spectrum 
m£468[MH*]. 


138 


ethyl 4-({9-[(2R f 3R,4S,5S)-5- 
(3-ethylisoxazol-5-yl)-3,4- 
dihydroxytetrahyd rofuran-2- 
yQ-9H-purin-6- 
yl}amino)piperidine-1 - 
cartx>xylate 


Analagous to 
route L 


LC/MS (System C) 
Rt 2.74 min. 
Mass Spectrum 
/nfc488[MH*). 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


139 


(2R 3S 4R 5RV2-f5-(tert- 
butylHH-1 ,2,4-triazol-3-yn- 
5-[6-(tetrahydrDH2H-pyraiv4- 
ylamino)-9H-purirv9- 
yI]tetrahydrofuran-3,4-diol 


Anatoaous to 
route F 


LC/ MS (System C) 
Rt 2.30 min. 
Mass Spectrum 
ro/z445 [MH 4 ]. 




(7R 3R 4S 5RV2-IB-f4- 

chloro-2-fluoroanilino)-9H- 

purin-9-yl]-5^4H-1,2/4- 

triazol-3-yl)tetrahydrofurarv 

3,4-<Jiol 


Analooous to 
route F 


LC/ MS fSvstem C) 
Rt 2.47 min. 
Mass Spectrum 
m/z 433 [MH*]. 


141 


(2R,3S,4R,5R>-2-(5~ 
isopropyl-4H-1 t 2,4-triazol-3- 
v.V546-ftetrahvdro-2H- 
pyran-4-ylamino)-9H-purin- 
g-ylJtetrahydrofuran-S^iol 


Analogous to 
route F 


LC/MS (System C) 
Rt 2.21 min. 
Mass Spectrum 
mfc431 [MH*J. 


142 


(2R^R/lS,5S)-2^6-amino- 
2-chtoro-9H-purin-9-yl)-5-(5- 
methyt-1 ,3-oxazol~2- 
yl)tetrahydrofiiran-3,4-diol 


Analogous to 
route Q 


Analysis: Found (%): C 43.73; 
H 3.32; N 23.04. 
C,3Hi3iN6O 4 a.0.1 CF3CO2H). 
requires C 43.54; H 3.63; N 
23.08. 

Mass Spectrum 
m/z 353 [MH 4 ]. 


143 


(2R,3R,4S,5S)-2-[2-chloro-6- 
(2-chloro-4-fluoroanilino)-9H- 
purin-9-yl]-5-(5-methyl-1 ,3- 
oxazol-2-yl )tetra h yd rofu ra n- 
3,4-diol 


Analogous to 
route Q 


LC/MS (System C) 
Ri 3. 19 min. 
Mass Spectrum 
mfc482[MH*]. 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


144 


(2R,3R,4S,5S)-2-[6-(4- 

chloro-2-fluoroani)ino)-9H- 

purin-9-yl]-5-(3- 

methylisoxazol-5- 

yl)tetrahydrofuran-3,4-diol 


Route Wb 


LC/ MS (System C) 
R t 2.95 min. 
Mass Spectrum 
m/z 447 [MH 4 ]. 


145 


(2R,3R,4S.5S)-2-[6-(4- 

chloro-2-fluoroanBino}-9H- 

purin-9-yl]-5-(3- 

propylisoxazol-5- 

yl)tetrahydrofuran-3,4-diol 


Analogous to 
route Wb 


LC/ MS (System C) | 
Rt 3.23 min. 
Mass Spectrum 
m/z 475 [MH*]. 


146 


2-[(9-{(2R,3R.4S f 5S>.5-[3- 

(tert-butyl)isoxazol-5-yl]-3.4- 

dihydroxytetrahydrofuran~2- 

yl}-9H-purin-6-yl)amino]-N- 

isopropylethanesutfonamide 


Analogous to 
route I 


LC/MS (System C) 
Ri 32.75 min. 
Mass Spectrum 
mfz 510 [MH 4 ]. 


147 


(2R,3R,4S,5S)-242^loro~6- 
(tetrahydro-2H-pyrarv4- 
yiammo j*y H^unn-t*-yij-o-(o- 
ethylisoxazol-5- 
yl)tetrahydrofuran-3,4-diol 


Analogous to 
route L 


LC/MS (System C) 
Rt 2.83min. 
mass opccirum 
mfz 451/453 [MH 4 ]. 


148 


ethyl 4-({2«chloro-9- 

[(2R.3R.4S.5S)-5-(3- 

ethylisoxazol-5-yl)-3 t 4- 

d ihyd roxytetra hyd rof u ra n-2- 

yl]-9H-purin-6- 

yl}amino)piperidine-1 - 

carboxylate 


Analogous to 
route L 


LC/MS (System C) 
Rt3.10min. 
Mass Spectrum 
mtz 522/524 [MH*]. 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


149 


(2R,3R,4S,5S)-2-<2-chloro- 

6-a(1S^S)-2- 

hydroxycyclopentyl]amino}- 

9H-purirv9-yl)-5^3- 

ethylisoxazol-5- 

yl)tetrahydrDfuran-3 t 4-diol 


Analogous to 
route L 


LC/MS (System C) 
R t 2.81min. 
Mass Spectrum 
m£451/453[MH*]. 


150 


(2R,3R,4S,5S)-2-(2-chloro- 
6-{[2- 

(ethylsulfonyl)ethyl]amino}- 
9Hi>urin-9-yl)-5-(3- 
ethylisoxazol-5- 
yl)tetrahydrofurarv3,4-diol 


Analogous to 
route L 


LC/MS System C 
Kt z./omin. 
Mass Spectrum 
mfz 487/489 [MH*]. 


151 


f2R 3R 4S 5SV2-r2-chloro-6- 

(4-chlon>2-fluoroanilino)-9H- 

purin-9-yl]-5-(3- 

ethyiisoxazoI-5- 

yl)tetrahydrofurar>-3,4-diol 


AnalonoLis to 
route L 


LC/ MS (Svstem C) 
Rt 3.33roin. 
Mass Spectrum 
495/497 [MH*]. 


152 


(2R,3R,4S.5S)-2-[2-chlort)-6- 

(2-chloro-4-fluoroanilino>-9H- 

purin-9-yl]-5-(3- 

ethyIisoxazol-5- 

yl)tetrahydrofurarv3,4-diol 


Analogous to 
route L 


LC/MS (System C) 
Rt 3.23min. 
Mass Spectrum 
mfc495 [MH*]. 


153 


(2R,3R,4S,5S)-2-[2-chloro-6- 
(2-fluoroanilino}-9H-purin-9- 
yl>5-(3-ethylisoxazol-5- 
yl)tetrahydrofuran-3 t 4-diol 


Analogous to 
route L 


LC/MS (System C) 
Rt 3.08min. 
Mass Spectrum 
mte 461/463 [MH*]. 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(notel) 


Characterising data 


154 


(2R,3R,4S,5S)-2-{2-chloro-6- 
k 2-cnloroan uino)-9H-punn-9- 
yi]-5-(3-ethylisoxazol-5- 
yl)tetrahydrofuran-3,4-diol 


Analogous to 
route L 


LC/ MS (System C) 

Mass Spectrum 
mfc477 [MH*). 


155 


(2R,3R,4S,5S)~2-(6- 
{[(1S f 2S>-2- 

hydroxycyclopentyQamino}- 
9H-purin-9-yI)-5-[3- 
(hydroxymethyl)isoxazol-5- 
yl]tetrahydrofuran-3 t 4-diol 


Analogous to 
route V 


LC/ MS (System C) Rt 2.25min 
Mass Spectrum 
m/z419 [MHj. 


156 


ethyl 4-K9-fl2R.3R.4S.5S)- 

3,4-dihydroxy-5-[3- 

(hydroxymethyl)isoxazol-5- 

yl]tetrahydrofurarv2-yl)-9H- 

purin-6-yl)amino]piperidine- 

1-carboxylate 


Analogous to 
route v 


LC/MS (System C) 
Kt z.^fomin. 
Mass Spectrum 
m/2 490 [MH*]. 


157 


(2S.3S,4R f 5R)-2-l3- 

(hydroxymethyl)isoxazol-5- 

yQ-5~[6^tetrahydro-2H- 

pyran-4-ylamino)-9H-purirv 

9-yQtetrahydrofuraTv3 t 4-diol 


Analogous to 
route V 


LC/MS (System C) 
Rt 2.20min. 
Mass Spectrum 
mfe419[MH*). 


158 


(2R,3R,4S.5S)-2-[6-(4- 

chloro-2-fluoroanilino)-9H- 

purin-9-yI]-5-(3- 

ethylisoxazol-5- 

yl)tetrahydrofuran-3,4-diol 


Analogous to 
route L 


LC/MS (System C) 
Rt3.10min. 
Mass Spectrum 
mfc461 [MH 4 ]. 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


159 


(2R.3R,4S.5S)-2-[6-(2- 

chloro-4-fluoroanilino)-9H- 

purin-9-yt]-5-(3- 

ethylisoxazol-5- 

yl)tetrahydrofuran-3,4-diol 


Analogous to 
route L 


LC/ MS (System C) 
Rt 2.99min. 
Mass Spectrum 
mfc461 [MH*J. 


160 


(2S.3S,4R,5R)-2-(3- 
ethylisoxazol-5-yl)-5-[6-(2- 
fluoroanilino)-9H-pu rin-9- 
yIJtetrahydrofuran-3.4-diol 


Analogous to 
route L 


LC/ MS (System C) 
R t 2.81 min. 
Mass Spectrum 
m/z 427 [MH 4 ]. 


161 


(2R,3R,4S,5S)-2-l6-(2- 
nhlomanilinnV-QH-nurin-Q-vTI- 

VI II vfV/CII Mill IV// ^1 1 k/Ullli 9 J'j 

5-<3-ethylisG*azol-5- 
yl)tetrahydrofurarv3,4-diol 


Analogous to 

mi itft L 


LC/ MS (System C) 
Ri 2 98min 
Mass Spectrum 
m/zAAZ [MH*]. 


162 


(2S,3S.4R,5R)-2H5-(tert- 
buty1)-1 t 3,4-oxadiazol-2-yl]- 
5-[6-<piperidin-4-ylamino>- 
9H-purin-9- 

yQtetrahydrofuran-SA-diol 


Analogous to 
route Y 


LC/ MS (System C) 
R t 2.11min. 
Mass Spectrum 
m/z 445 [MH*1. 


163 


(2R.3R/IS,5R)-2-{2-chloro- 

6-[(1 -ethylpropyl)amino]-9H- 

purin-9-yl}-5-(5- 

ethyiisoxazol-3- 

yl)tetrahydrofuran-3,4-<Jiol 

formate 


Route S 


LC/ MS (System C) 
Rt 3.41 min. 
Mass Spectrum 
m^437(MH + ]. 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


164 


(2S,3S,4R,5R>-2-<3- 

bromoisoxazol-5-yt)-&-[6-(4- 

chloro-2-fluoroanilino)-9H- 

purirv9-yl]tetrahydrofuran- 

3,4-diot 


Route W 


LC/ MS (System C) 
R t 3.22min. 
Mass Spectrum 
m/*511 [MH 4 ]. 


165 


(2R,3R,4S,5S)-2-[6-(4- 

chloro-2-fluoroanilino)-9H- 

purin-9-yl]-5-[3-{3,5- 

difluorophenyl)isoxazol-5- 

yf]tetrahydrofuran-3,4-diol 


Analagous to 
route W 


La MS (System C) 
R t 3.55min. 
Mass Spectrum 
mfc545 [MH*]. 


166 


(2S,3S,4R,5R)-2-[3^tert- 
butyl)isoxazol-5-yl}-5^6-{I1 - 
(methytsulfonyt)piperidin-4- 
yl]amino}-9H-purinh9- 
yl)tetrahydrofuran-3,4-diol 


Analogous to 
Route Y 


LC/ MS (System C) 
Rt 2.69 min. 
Mass Spectrum 
mfr522 [MH 4 ] 


167 


(2S,3S t 4R t 5R)-2-[3-(tert- 
butyl)isoxazol-5-yQ-5-(6-{I1 - 
(propylsulfonyl)piperidin-4- 
yQamino}-9H-puriiv9- 
yl)tetrahydrofuran-3,4-dk>l 


Analogous to 
Route Y 


LC/MS (System C) 
Rt 2.90 min. 
Mass Spectrum 
mrz 550 [MH J 


168 


(2S.3S,4R,5R>-2-[3-(teft- 

butyl)isoxazol-5-yl]-5-(6-{[t- 

(isopropylsulfonyl)piperidin- 

4-yQamino}-9H-purin-9- 

yl)tetrahydrofuran-3,4-diol 


Analogous to 
Route Y 


LC/ MS (System C) 
Rt2.87 min. 
Mass Spectrum 
mfc550[MH*] 
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Ex 
No 


Name 


ExpL Details 
(notel) 


Characterising data 


169 


(2S,3S,4R,5R>-2-{3-(tert- 
butyl)isoxazol-5-yl]-5-(6-{[1 - 
(ethylsulfonyl)piperidin-4- 
ylJamino}-9H-purin-9- 
yl)tetrahydrofuran-3,4-diol 


Analogous to 
Route Y 


LC/MS (System C) 
Ri 2.77 min. 
Mass Spectrum 
mfc536[MH*] 


170 


(2S,3S,4R,5R)-2-[3-(tert- 

butyl)isoxazol-5-yl]-5-{2- 

chloro-6-(4-chloro-2- 

fluoit>anilino)-9H-purin-9- 

yl]tetrahydrofuran-3,4-dioI 


Analogous to 
Route 1 


LC/ MS (System C) 
Rt 3.60 min. 
Mass Spectrum 
m/z 524 [MH*] 


171 


(2S,3S,4R,5R>-2-[3-(tert- 

butyl)isoxazol-5-yl]-5-[2- 

<^loro-6-(2-chloro-4- 

fluoroanilino)-9H-purin-9- 

y1]tetrahydrofurarv3,4-diol 


Analogous to 
Route 1 


LC/MS (System C) 
Rt 3.50 min. 
Mass Spectrum 
0^524 0^-0 


172 


2-[(9-{(2R,3R,4S 1 5S)-5-[3- 

(tert4>utyl)isoxazol-5-yl]~3,4- 

dihydroxytetrahydrofuran-2- 

yl}-2-chloro-9H-purin-6- 

yl)amino]-N- 

ethylethanesulfonamide 


Analogous to 
Route 1 


LC/ MS (System C) 
Rt 2.94 min. 
Mass Spectrum 
m/z 530 [M*] 


173 


2-[(9-{(2R f 3R,4S 1 5S)-5^3- 

(tert-butyl)isoxazo)-5~yQ-3,4- 

dihydroxytetrahydrofurarv2- 

y1}-2-chton>9H-purin-6- 

yt)amino]-N- 

isopropylethanesulfonamide 


Analogous to 
Route! 


LC/MS (System C) 
Rt 3.04 min. 
Mass Spectrum 
544 [Ml 
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Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


174 


(2S,3S.4R,5R)-2-[3-<tert- 

butyl)isoxazol-5-yl}-5-{2- 

chloro-6-(tetrahydro-2H- 

pyran-4-ylamino)-9H-purin- 

9-yl]tetrahydrofuran-3,4-dk)l 


Analogous to 
Route I 


LC/ MS (System C) 
Rt2.96 min. 
Mass Spectrum 
mfc479 [MH 4 ] 


175 


(2R,3R f 4S,5S>.2-[6-(4- 
chloro-2-fluoroanilino)-9H- 
purirv9-yQ-5-(3i>yridin-3- 
ylisoxazol-5- 

yl)tetrahydrofuran-3,4~diol 


Analogous to 
Route W 


LC/ MS (System C) 
Ri3.02 min. 
Mass Spectrum 
mfr510[MH*] 


176 


(2R,3R,4S,5S)-2-[6-(4- 

c*loro-2-fluoroanilino)-9H- 

purin-9-yl]-5-[3-{4- 

hydroxybutyl)isoxazol-5- 

yqtetrahydrofuran-3,4-dk>l 


Analogous to 
Route W 


LC/ MS (System C) 
R t 3.35 min. 
Mass Spectrum 
m&SOSIMH 4 ] 


177 


2-[(9-{(2R,3R,4S t 5S)-5-[3- 

(tert-butyl)isoxazol-5-yl>3,4- 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6-yl)amino]-N- 

ethylethanesutfonamide 


Analogous to 
Route I 


LC/ MS (System C) 
Rt2.65 min. 
Mass Spectrum 
mfc496[MH*] 


178 


(2R.3R.4S,5S)-2-{6^ 

(cyclopentylamino)-9H-purin- 

9-yQ-5-[5^trifluoromethyl)- 

1,3,4~oxadiazol-2- 

yl]tetrahydrofuran-3,4-diol 


Analogous to 
Route A 


LC/ MS (System C) 
Ri 2.80 min. 
Mass Spectrum 
m/z 442 [MH*] 
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Ex 
No 
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ExpL Details 
(note 1) 


Characterising data 


179 


(2R,3R.4S.5S)-2-<6- 
{[(1S,2S)-2- 

hydroxycyclopentyl]amino}- 
9H-purin-9-yl)-5-(5- 
(trifluoromethyl)-1 ,3,4- 
oxadiazol-2- 

yl|tetrahydrofuran-3,4-diol 


Analogous to 
Route A 


LCI MS (System C) 
Rt2.48 min. 
Mass Spectrum 
m£458 [MH 4 ] 


180 


ethyl 4-{(9-{(2R.3R.4S,5S>- 
3.4-dihydroxy-5-[5- 
(trifiuoromethyl)-1 ,3.4- 
oxadiazol-2- 

yQtetrahydrofuran-2-yl}-9H- 
purin-6-yl)amino]piperidine- 
1-carboxylate 


Analogous to 
Route A 


LC/ MS (System C) 
Rt2.74 min. 
Mass Spechum 
m/z 529 [MH 4 ] 


181 


2R,3R f 4S,5S>-2-[6-(4-chloro- 
2-fluoroanilino)-9H-purin-9- 
yl^5-(5-methyM f 3,4- 
oxadiazol-2- 

yl)tetrahydrofuraiv3,4-dk>l 


Analogous to 
Route Cc 


LC/ MS (System C) 
Rt2.77 min. 
Mass Spectrum 

m a a r\ r* Ml 1^*1 

m/i448[MHj 


182 


(2R,3R,4S,5S>-2-[6-(4- 

chIort>-2-fluoroanilino>-9H- 

purin-9-yQ-5-(3- 

cydopropylisoxazol-5- 

yl)tetrahydrofuran-3 f 4-diol 


Analogous to 
Route W 


LC/MS (System C) 
R t 3. 15 min. 
Mass Spectrum 
m/z 473 [MhTl 
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183 


(2S,3S t 4R.5R>-2-[3-(tert- 
butyl)isoxazol-5-yl]-5-{6-K 1 - 
butyrylpiperkJin-4~yt)amino]- 
9H~purin-9- 

yl}tetrahydrofuran-3,4-diol 


Analogous to 
Route Y 


LC/MS (System C) 
Ri2.74 min. 
Mass Spectrum 
/n£514 [MH*) 


184 


isopropyl 4-[(9- 

{(2R,3R,4S t 5S)-5-[3-(tert- 

butyl)isoxazol-5-yl]-3,4- 

dihydroxytetrahydrofuran-2- 

yl}-9H-purin-6- 

yl)amino]piperidine-1 - 

carboxylate 


Analogous to 
Route Y 


LC/ MS (System C) 
Rt 3. 10 min. 
Mass Spectrum 
m/z530[MH*] 


185 


(2S,3S,4R,5R>-2-[3^tert- 
butyl)isoxazol-5-yl]-5-(6-{[1 - 
(2,2,2- 

trrfluoroacetyl)piperidin-4- 

yQamirx>}-9H-purin-9- 

yl)tetrahydrofuran-3,4-diol 


Analogous to 
Route Y 


LC/ MS (System C) 
Rt3.05 min. 
Mass Spectrum 
m£540[MHr] 


186 


methyl 4-[(9-{(2R,3R,4S,5S)- 
5-[3-(tert-butyl)isoxa2ol-5-yl]-. 
3,4- 

dihydroxytetrahydrofuran-2- 
yQ-9H-purin-6- 
yl)amino]piperidine-1- 
carboxylate 


Analogous to 
Route Y 


LC/MS (System C) 
Rt2.73 min. 
Mass Spectrum 
mfc502[MH*] 
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Table 1. Examples 


Ex 
No 


Name 


ExpL Details 
(note 1) 


Characterising data 


187 


(2R t 3R,4S.5S>-2-[6-(4- 

chloro-2-fluoroanilino)-9H- 

purin-9-yl]-5-[3- 

(hydroxymethyl)isoxazol-5- 

yt]tetrahydrofurarv3,4-diol 


Analogous to 
Route V 


LC/ MS (System C) 
Rt2.67 min. 
Mass Spectrum 
mfc463 [Mhf] 


188 


(2R.3R,4S t 5S)-2-[6-{2- 

chloro-4-fluoroanilirK))-9H- 

purin-9-yl]-5-[3- 

(hydroxymethyl)isoxazol-5- 

yQtetrahydrofurarv3 t 4-diol 


Analogous to 
Route V 


LC/ MS (System C) 
R t 2.56 min. 
Mass Spectrum 
m/z 463 [MH*] 


189 


(2R,3R,4S,5S)-2-[6-(2- 

fluoroanilino)-9H-purin-9-yll- 

5-{3- 

(hydroxymethyl)isoxazol-5- 
yt]tetrahydrofuran-3,4-diol 


Analogous to 
Route V ; 


LC/ MS (System C) 
Rt 2.40 min. 
Mass Spectrum 
m/z 429 [MH 4 ) 


190 


(2R,3R,4S,5S)-2-[&<2- 

chloroanilino>-9H-purirv-9-yl]- 

5-{3- 

(hydroxymethyl)isoxazol-5- 
ylJtetrahydrofuran-S^iol 


Analogous to 
Route V 


LC/MS (System C) 
Ri2.54 min. 
Mass Spectrum 
nvz44o [MH J 


191 


(2R f 3R ( 4S t 5S)-2-(2-chloro- 

6-fl(1S,2S)-2- 

hydroxycyclopentyl]amino)- 

9H-purin-9-yl)-5{3- 

(hydroxymethyl)isoxazol-5- 

yQtetrahydrofuran-3,4-diol 


Analogous to 
Route Bb 


LC/MS (System C) 
Ri2.32 min. 
Mass Spectrum 
mtz 453/455 [MH 4 ] 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


192 


(2R,3R,4S.5S)-2-[2-chloro-6- 

(tetrahydro-2H-pyran-4- 

ylamino)-9H-purin-9-yl]-5-{3- 

(hydroxymethyl)isoxazol-5- 

yl]tetrahydrofuran-3,4-diol 


Analogous to 
Route Bb 


LC/ MS (System C) 
Rt2.32min. 
Mass Spectrum 
mfz 453/455 [MH 4 ] 


193 


2-{(2-chloio-9- 

{(2R,3R.4S,5S)-3,4- 

dihydroxy-5-[3- 

(hydroxymethyl)isoxazol-5- 

yijtetra nya roiu rarw-yij-y n- 

purin-6-yl)amino]-N- 

ethylethanesutfonamide 


Analogous to 
Route Bb 


LC/ MS (System C) 
Rt2.32min. 
Mass Spectrum 
mfz 504/506 [MK*] 


194 


ethyl 4-[(2-chloro-9- 

{(2R,3R,4S # 5S)-3,4- 

dihydroxy-5-[3- 

(hydroxymethyl)isoxazol-5- 

ylJtetrahydrofurarv2-yl}-9H- 

purirv6-yi)amino]piperidine- 

1-carboxylate 


Analogous to 
Route Bb 


LC/ MS (System C) 
Rt2.60min. 
Mass Spectrum 
m£524[MH*] 


195 


(2R,3R,4S,5S)-2-[2-chloro-6- 

(4-chloro-2-fluoroanilino>-9H- 

purin-9-yl]-5-[3- 

(hydroxymethyt)isoxazol-5- 

yl]tetrahydrofuran-3,4-dioi 


Analogous to 
Route Bb 


LC/MS (System C) 
R t 3.10 min. 
Mass Spectrum 
m£497 [MH 4 ] 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(notel) 


Characterising data 


196 


(2R,3R,4S,5S)-2-[2-chloro-6- 

(2-chloro-4-fluoroanilino)-9H- 

purin-9-yl]-5-[3- 

(hydroxymethyl)isoxazol-5- 

yl]tetrahydrofuran-3,4-diol 


Analogous to 
Route Bb 


LC/MS (System C) 
Rt3.02 min. 
Mass Spectrum 
mfz 497/499 [MH 4 ] 


197 


(2R,3R/IS,5S)-2-[2-chloro-6- 
(2-fluoroanilino)-9H-purin-9- 

y»]-5-[3- 

(hydroxymethyl)isoxazol-5- 
yl]tetrahydrofuran-3 t 4-diol 


Analogous to 
Route Bb 


LC/MS (System C) 
R t 2.72min. Mass 
Spectrum m/z 463 [MH 4 ] 


198 


(2S,3S,4R,5R>-2-(3- 

ethytisoxazoL5-yl)-5-[2- 

methoxy-6-(tetrahydro-2H- 

pyran-4-ylam!no)-9H-purin- 

9-yl]tetrahydrofuran-3 f 4-diol 


Analogous to 
Route L 


LC/MS (System C) 
Rt2.57min.. 
Mass Spectrum 
m/z 447 [MH 4 ] 


199 


ethyl 4-({9-[(2R.3R,4S,5S)-5- 

(3-ethylisoxazol-5-yl)-3 t 4- 

dihydroxytetrahydrofuran-2- 

yT|-2-metho)cy-9H-purin-6- 

yl}amino)piperidine-l - 

carboxylate 


Analogous to 
Route L 


LC/MS (System C) 
Rt2.75 min. 
Mass Spectrum 

m/ZDio [MM J 


200 


(2S.3S,4R,5R)-2-(3- 

ethytisoxazol-5-yl)-5-(6- 

{[(1S,2S)~2- 

hydroxycydopentyl]amino}- 

2-methoxy-9H-purirv-9- 

yl)tetrahydrr>fufan-3 t 4-diol 


Analogous to 
Route L 


LC/MS (System C) 
Rt2.66 min. 
Mass Spectrum 
mfc447 [MH 4 ] 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


201 


(2S,3S.4R,5R>*2-<3- 

ethytisoxazol-&-yl>-5-{6-{[2- 

(ethylsutfonyl)ethyl]amino}-2- 

methoxy-9H-purin-9- 

yl)tetrahydrofuran-3/*-diol 


Analogous to 
Route L 


LC/MS (System C) 
R t 2.42 min. 
Mass Spectrum 
mfc483[MH + l 


202 


(2R,3R.4S,5S)-2-[6-(2- 

chloro-4-fluoroanilino)-2- 

methoxy-9B-purin-9-yl]-5-(3- 

ethylisoxazol-5- 

yl)tetrahydrofuran-3,4-diol 


Analogous to 
Route L 


LC/MS (System C) 
R t 3. 12 min. 
Mass Spectrum 
m/z 491 [MH*] 


203 


(2S,3S,4R,5R)-2-(3- 

ethytisoxazol-5-yl)-5-[6-(2- 

fluoroanilino)-2-methoxy-9H- 

purin-9-yQtetrahydrofuran- 

3,4-diol 


Analogous to 
Route L 


LC/ MS (System C) 
R t 2.95 min. 
Mass Spectrum 
mfc457[MH*] 


204 


(2R.3R,4S,5S)-2-[6-(4- 

chloro-2-fluoroanilino)-2- 

methoxy-9H^urin-9-yQ-5-(3- 

ethyIisoxazol-5- 

yl)tetrahydrofuran-3,4-diol 


Analogous to 
Route L 


LC/ MS (System C) 
Rt 3-20 min. 
Mass Spectrum 
mfc49t [MH J 


205 


(2S,3S,4R,5R)-2-[3-(tert- 
butyl)-1 ,2,4-oxadiazoI-5-yl]- 
5-[6-(cyclopropylamino}-9H- 
purirv9-yf]tetrahydrofuran- 
3,4-diol 


Analogous to 
Route N 


LC/ MS (System C) 
Rt 2.53 min. 
Mass Spectrum 
mfc402[MH*) 
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Table 1. Examples 


Ex 
No 


Name 


Expt Details 
(note 1) 


Characterising data 


206 


(2S,3S,4R,5R>-2-[5-(tert- 
butylH ,3,4-oxadiazol-2-yl]- 
542^loro-6-(4-chloro-2- 
fluoroanilino)-9H-purin-9- 
ylJtetrahydrofuran-3,4-dfol 


Analogous to 
route Cc 


LC/MS (System C) 
Rt 3.32 min. 
Mass Spectrum 
mfz 524 [MH J 


207 


(2R.3R,4S,5S)-2-[6-(4- 
chloro-2-fluoroanilino)-9H- 
pu rin-9-yl]-5-(5-isopropyl- 
1 f 3,4-oxadiazol-2- 
yl)tetrahydrofuran-3.4KJiol 


Analogous to 
RouteZ 


LC/ MS (System C) 
R t 2.96 min. 
Mass Spectrum 
m^476[MH + ] 



Experimental details for route (A) 

Intermediate 1 

5 (3aS.4S.6R.6aRV646^hloro^rirv^^ 

dioxole-4-carboxvlic acid N-^^^imethvt-propfonvlVhvdrazide 

(3aS,4S,6R t 6aR>^6^hloro^ri 

dioxole-4-carboxylic acid (2.5g) suspended in 1 f 2-dimethoxymethane (100ml) 
10 was treated with 2,2-dimethyl-propionic add hydrazide (1.1g) and 2-ethoxy-1- 
ethoxycarbonyl-1,2-dihydroquinoline (EEDQ), and the mixture heated under 
reflux for 16h. The mixture was poured into aqueous citric acid (250ml) and 
extracted with ethyl acetate; the organic layers were washed with citric acid and 
brine, dried (MgS0 4 ) and evaporated in vacuo to give the crude product. 
15 Purification by flash chromatography on silica gel (Biotage cartridge), eluting 
with ethyl acetate:cyclohexane 65:35. gave the title compound as a white solid 
(t.92g). 

LC/MS (System B): R< 2.49 min 
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Mass spectrum m/z 439 [MH 4 ]. 
Intermediate 2 

946S^54ert-ButvM134loxadiazo^^^ 
5 furor3.4-dU1 .31dioxol-4R-vlV6-chlorD-9hh>urine 

(3aS,4S f 6R,6aR)^6^hloro^urii^ 

d][1,3]dioxole-4-carboxylic acid NX2,2<limethyl-propionylHiydra2ide (1.5g) was 
dissolved in thionyl chloride (15ml) and the solution irradiated in a microwave 
10 oven at 150W power for 7 min. The excess thionyl chloride was evaporated in 
vacuo to give the crude product which was dissolved in dry acetonitiile (6ml) and 
heated under reflux for 3h. The solvent was evaporated and the residue purified 
by flash chromatography on silica gel, eluting with ethyf acetate:cyclohexane 
35:65 - 40:60, to give the title compound as a white solid (0.645g). 

15 

LC/MS (System B): R t 2.86min 
Mass spectrum mfc421 [MH 4 ]. 

Intermediate 3 

20 (2S.3S.4R.5Ry2^54ert^utvM1.3.41o^ 
tetrahvdro-furan-3.4-diol 

9^6S^5-tert-ButyH1 ,3,4^ 

fiiro[3,4-^[1,3]dioxol-4R--yll-6-chloro-9H-purine (0.64g) was treated with 10:1 
25 trifluoroacetic acidrwater (9ml) at 0°C for 5h, and the mixture was allowed to 
stand in the refrigerator (2°) overnight. The mixture was evaporated in vacuo to 
low volume (ca. 1ml), poured into ice cold aqueous sodium bicarbonate, and 
extracted with ethyl acetate (3x50ml). The organic layers were washed with 
brine, dried (MgS0 4 ) and evaporated in vacuo to give the crude product 
30 (371 mg). 

LC/MS (System B) R| 2.42 min 
Mass spectrum mtz 381 [MH*]. 



Example 3 
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(2S.3S.4R.5RV2^54ert-BuM41.3^ 
vlaminoVpurin-9-vlVtetrahvdrD-furan^.4^iol 

(2S3S,4R,5R)-2^54ert^utyl^ 

tetrahydro-furarv3,4-dbl (41 mg) was heated under reflux with 4- 
aminotetrahydropyran hydrochloride (59mg), diisopropytethylamine (0.11ml), 
and isopropanol (5ml) for 15h. The solvent was evaporated in vacuo and the 
residue purified by chromatography on silica gel, eluting with ethyl 
acetatermethanol 100:0 - 90:10, to give the title compound (37mg). 

LC/MS (System B) R, 2.31 min. 
Mass Spectrum m/z 446 [MH*]. 

Experimental details for route (B) 
Intermediate 4 

2-Chloro-N"(tetrahvdrD-pvrarv4>vlVadenosine 

A mixture of acetic add 4R^cetoxy-5R^cetoxymeth^2R^2,6-dichloro-purin-9- 
yl)-tetrahydro-furan-3R-yl ester (10g), diisopropytethylamine (5.7ml), and 4- 
amino tetrahydropyran hydrochloride (2.02g), in isopropanol (200ml) was heated 
at 50° for 4h. The cooled mixture was evaporated in vacuo, the residue re- 
dissolved in methanol (200ml) and ammonia gas bubbled through the solution 
for 2h. The mixture was stirred at 22°C overnight, and evaporated in vacuo to 
give a brown oily solid. Purification by flash chromatography on silica gel (Merck 
9385), eluting with 75:8:1 DCM:EtOH:880NH 3 to 50:8:1 DCM:EtOH:880NH 3 , 
gave the title compound as a pale brown oily solid (7.81 g). 
LC/MS (System B) Rt 2.24 min. 
Mass spectrum m/z 3.86 [MH*]. 

Intermediate 5 

(6R42^htoro^tetrahvdro^vran^vtamin^ 
(3aR.6aRVfuror3.4-dU1 ,3TdioxoUR-vlVmethanol 
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A solution of 2^hloro-N^tetrahydn>pyran-4-yl)-adenosine (7.81 g) in acetone 
(500ml) was treated with 2,2-dimethoxypropane (14.7ml) and p- 
toluenesulphonic acid (3.8g) and the mixture was stirred at 22°C overnight A 
white precipitate formed. The mixture was evaporated in vacuo , and the residue 
5 partitioned between ethyl acetate (700ml) and aqueous sodium bicarbonate 
solution (500ml). The organic layer was washed with aqueous sodium 
bicarbonate (2x250ml), dried (Na^SO^ and evaporated in vacuo to give a pale 
brown foam (7g). Purification by flash chromatography on silica gel (Merck 
9385), eluting with ethyl acetate:cyclohexane 4:1, gave the title compound as a 
1 0 pale yellow foam (5.7g). 

LC/MS (System B) Rt 2.68 min. 
Mass spectrum mfc426 [MH*]. 

Intermediate 6 

15 <3aS.4S.6R.6aRy^f2^hlorch64te^ 

dimethvt4etrahvdro-furof3.4-diri .31dioxole-4-carboxvlic acid 

A solution of {6R-[2^loro^(tetrahydro-pyran^ylam 
dimethyMetrahydro^3aR,6aR^ (2.5g) in 

20 ethyl acetate (90ml) was treated with saturated aqueous sodium bicarbonate 
solution (60ml) and the biphasic mixture stirred rapidly at 0*C. After stirring at 
0°C for 5 min, potassium bromide (70mg) was added followed by 2,2,6,6- 
tetramethyM-piperidinyloxy, free radical (TEMPO) (4.6mg). A freshly prepared 
solution of sodium bicarbonate (185mg) in aqueous sodium hypochlorite (3.2ml) 

25 and water was added dropwise to the cooled, stirred mixture over 15 min. The 
mixture was stirred for a further 20 min at 0°C. Two further additions were made 
of potassium bromide, TEMPO, and the freshly prepared sodium bicarbonate/ 
aqueous sodium hypochlorite solution same quantities as before, followed each 
time by stirring at 0°C for 15-20min. The mixture was poured into ethyl acetate 

30 (400ml), shaken with sodium sulphite (10g), diluted with water (300ml), shaken, 
and the organic and aqueous layers separated. The aqueous layer was 
acidified to pH 1-2 with 2N hydrochloric acid solution and extracted with ethyl 
acetate (2x 300ml). The organic layers were combined with those from a 
second, identical reaction, and evaporated in vacuo to give the product as a 

35 cream foam (4.47g). 
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LC/MS (System B) Rt 2.81 min. 
Mass spectrum m/z440 [MH*J. 

Intermediate 7 

5 <3aS.4S.6R.6aRl6-r2^hloro^tetrahvd^ 

dimethvl-tetrahvdrt>furDr3.4-diri .31dioxole-4-carboxvlic acid N'-(2.2-dimethvl- 
pfDpionvlVhvdrazide 

Diisopropylethylamine (0.487ml) was added to a stirred solution of 

10 (3aS,4S,6R,6aR)^PK*lofo^tetrah^ 

dimethyUetrahydro-fu^^ acid (350mg) in dry 

tetrahydrofuran (8ml) at 0°C under nitrogen. After 5 min pivaloyl chloride 
(0.098ml) was added and the mixture was stirred at 0°C for 2.5h. 2,2-Dimethyl- 
propionic acid hydrazide was added in tetrahydrofuran (2ml) at 0° t and stirring 

15 was continued at 0-22°C overnight. The mixture was concentrated in vacuo and 
partitioned between ethyl acetate (2x30ml) and saturated aqueous sodium 
bicarbonate (30ml). The organic layers were washed with brine (50ml), dried 
(MgS0 4 ) and evaporated in vacuo . The residue was azeotroped with 
dichloromethane (10ml) to give the title compound as a cream solid (357mg). 

20 LC/MS (System B) Rt 2.76 min. 
Mass spectrum m/z 538 [MH*]. 

Intermediate 8 

(946S454ert^utvm.3.41oxadiaz^ 
25 furor3.4Knf1.31dioxoMR-vn^ 
amine 

(3aS,4S,6R t 6aR)^[2-ChlorcK6^tetrahydr^ 

dimethyi-tetrahydro-furo[3,4-d][1 ,3]dioxole-4-carboxylic acid N'-(2,2-dimethyl- 
30 propionyl>-hydrazide (150mg) was dissolved in N.N-dimethytformamide (1.2ml) 
and the solution cooled to 0°C under nitrogen. To the cooled, stirred solution 
phosphorous oxychloride (0.039ml) was added. The solution was stirred at OX 
for 1h f and at 22°C for 16h. The mixture was cooled to 0°C, more phosphorous 
oxychloride (0.026ml) was added, and the mixture was stirred at 0°C for 1h, and 
35 at 22*C for 20h. The mixture was partially evaporated in vacuo , and partitioned 
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between ethyl acetate (2x30ml) and aqueous sodium bicarbonate (30ml). The 
organic layers were dried (MgS0 4 ) and concentrated in vacuo to give a yellow 
oil. Purification by flash chromatography on silica gel, eluting with 30-100% ethyl 
acetate in cyclohexane, gave the title compound (60mg). 

5 LC/MS (System A) R t 4.41 min. 

Mass Spectrum mfz 520 [MH 4 ). 

Example 8 

(2S.3S.4R.5RV2-(5-tert^uM41.3^ 
PVTBn^vlaminoV^urirv&-vtVtetrah>^lro-furarv3.4-diol formate 

10 

{9-[6S-(54ert-ButyK1 ,3,4]o^ 
furop,4<q[1 31dtoxoWR-yq-2^ 

amine (60mg) was dissolved in 10:1 trifluoroacetic acid:water (2ml) and the 
mixture was stirred at 0°C for 1h, and at 22*C for 4h. The mixture was 
15 evaporated in vacuo , and azeotroped with toluene (2x6ml). The residue was 
purified by preparative HPLC (gradient profile 5-90% (ii) over 18.5 min) to give 
the title compound as a white solid (37mg). 

LC/MS (System A) Rt 3.86min 

20 

Mass spectrum mfz 480 [MH 4 ) 

Experimental details for route (C) 

Intermediate 9 

25 (3aS.4S.6R.6aRV^6^vclopenMamino-purin^ 

furof3.4-din .31dioxole-4-carboxvlic acid methvl ester 

A solution of (3aS # 4S t 6R t 6aR>^6K^dopentylamino-purin-9-yl)-2,2-dimethyl- 
tetrahydro-furo[3 t 4-d][1 f 3]dioxole-4-carboxylic acid (3.018g) and 2-ethoxy-1- 
30 ethoxycarbonyH,2-dihydroquinoline (2.66g) in methanol (120ml) was heated 
under reflux for 17h. The resulting mixture was concentrated in vacuo and the 
residue dissolved in ethyl acetate (150ml). The solution was washed with 0.5M 
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aqueous citric add solution (3x25ml) and brine (50ml), dried (magnesium 
sulphate), and evaporated in vacuo to give a white foam. Purification by column 
chromatography on silica gel, eluting with ethyl acetate:cydohexane (1:1), gave 
the title compound as a white solid (2.32g). 
5 TLC Si0 2 (CH2CI 2 :MeOH:880NH 3 94:6:1 ) R f = 0.62 

Intermediate 10 

(3aS.4S.6R.6aRy^6-CvdopenM^ 
furof3.4-diri .31dioxole-4-carboxvlic add hvdrazide 

10 

A mixture of (3aS,4S,6R,6aR)-6^6^dopentylamino-purin-9-yl)-2,2-dimethyl- 
tetrahydro-furo[3,4-d][1 f 3]dioxole-4-carboxylic add methyl ester (0.48 g) and 
hydrazine hydrate (0.29 ml) in methanol (10 ml) was heated at reflux for 28h. 
After cooling to room temperature, the mixture was concentrated in vacuo and 
15 the residue evaporated twice with dichloromethane (2 x 20 ml) to give the title 
compound as a white solid (0.49g). 

NMR (DMSO) 9.4 QH, brs, NH), 8.32 QH, s, CH), 8.20 QH, s. CH), 7.90 QH, 
brd, NH), 6.35 QH, brs, CH), 5.28 (2H, brm, 2 x CH), 4.65 QH, brs, CH), 4.50 
20 QH, brm, CH), 4.20 (2H, brs, NH2), 2.0-1 .5 QM 2xm + s, 4 x CH 2 + CH 3 ) 

Intermediate 11 

CvdopentvK9^2.2^imethv^ 

furof3.4-dlf1 .31dioxol4R-vl y9H-Purin-6-vtl-amine 

25 

A mixture of (3aS,4S,6R,6aR)^6-cyctopentylamirK^ 
tetrahydro-furop f 4^[1,3]dioxcrfe-4-carboxylic add hydrazide (0.5g) and 
triethylorthoformate (5 ml, 4.45g) was heated at reflux for 48h; on cooling, the 
solution was evaporated to give a brown oil. Purification by flash 
30 chromatography on silica gel, eluting with ethyl acetate: cyclohexane (3:1), 
afforded the title cornpoundas a cream foam (0.157 g). 
TLC S»02 (Ethyl acetatexyciohexane 3:1) R f = 0.17 



Example 15 



WO 99/67262 



PCT/EP99/04182 



88 

(2R.3R4S.5SKM6-Cvdopentvlamino^ 
tetrahvdro-furan-3.4-diol 

Trifluoroacetic acid (1.5 ml) and water (0.15 ml) were added to cyclopentyH9- 
5 (2,2^imethyl^S^1 ,3,4)0^ 

dlll^JdloxoMR-yl^QH-purin-e-yll-amine (0.157 g) at 0 # C and the mixture was 
stirred for 2 h. The resulting solution was poured into 8% aqueous sodium 
bicarbonate solution (10 ml) and extracted with ethyl acetate (4 x 20 ml); the 
organic layers were dried (MgS0 4 ), filtered and evaporated to dryness to give a 
10 pale cream foam (0.148 g). Methanol (20 ml) was added and the solid filtered off 
to afford the title compound as a white solid (0.46 g). 

TLC SiOz (Ethyl acetate) R f « 0.13 

15 Analysis Found: C, 50.77; H f 5.14; N, 25.53% 

C16H19N7O4 . 0.2MeOH. 0.1 H2O requires: C 50.99; H, 5.3; N, 25.7% 

Experimental details for route (D) 

Intermediate 12 

20 (3aS.4S.6R.6aRV6^6^htoro^rin-^ 

d1f1.31dioxole-4-carboxvlic add (2-oxo-butvtlamide 

A solution of (SaS^S^R^aR^e^loro-purin-^yl^^KJimethyl^etrahydr^ 
furo[3,4-d][1 ,3Jdioxole-4-carboxylic acid (1 .3g). in dry tetrahydrofuran (30ml) was 

25 cooled to 3°C before triethylamine (1 .07ml) was added. After strimng for 15 min 
at 3°C t trimethylacetyl chloride (0.56ml) was added and the suspension stirred 
for 40 min at 3°C. This suspension was added to a stirred mixture of the 2- 
oxobutylamine hydrochloride in acetonitrile (50ml) containing triethylamine 
(2.3ml). The mixture was allowed to warm to room temperature, stirred 

30 overnight, and partitioned between ethyl acetate (150ml) and 10% aqueous 
sodium chloride (100ml). The separated aqueous phase was further extracted 
with ethyl acetate (2x1 00ml) and the combined organic extracts were washed 
with brine (70ml). dried and concentrated in vacuo to give a dark red gum 
(1.83g). Purification by chromatography on silica gel (Merck 7734), eluting with 



WO 99/67262 



FCT/EP99/04182 



89 

dichloromethane:ethanol:880 ammonia (250:8:1) gave the title compound as a 
yellow- brown foam (1 .1 1g). 

NMR 5 (CDCfe) 8.68 QH.s.CH), 8.27 (IH.s.CH), 6.73 (1H,brtNH). 6.30 

(1H f d # CH) t 5.64 (1H.dd.CH), 5.46 (lH,dd,CH) t 4.80 QH.d.CH), 3.76 

5 (2H.ABX f CH 2 ), 2.26 (2H,q,CH 2 ), 1.65 (3H,s,-CH 3 ), 1.42 (3H,s,-CH 3 ) t 0.99 
(3H.t,CH 3 ). 

Intermediate 13 

6^hloro-946S-(5^thvl^xazol-2-d^^ 
10 d1f1 .31dioxoMR-vdl9H-purine 

Phosphorous oxychloride (1.43g) was added to a stined solution of 
(3aS t 4S,6R,6aR)^6-chloro-purin-9-tf^ 

d][1,3ldioxole-4-cart>oxylic acid (2-oxo-butyl)-amide (1.05g), in acetonitrile 
15 (60ml). The solution was stirred at reflux for 5.5h before standing at room 
temperature overnight Stirring was continued at reflux for a further 4.5h, and 
the mixture was cooled and partitioned between ethyl acetate (150ml) and 8% 
aqueous sodium bicarbonate (100ml). The separated aqueous phase was 
further extracted with ethyl acetate (1x1 00ml) and the combined organic extracts 
20 were dried and concentrated in vacuo to give a red gum (1.8g). Purification by 
chromatography on silica gel (Merck 7734), eluting with 
dichloromethane:ethanol:ammonia (250:8:1) gave the title compound as a 
yellow gum (0.86g). 

TLC Si02 (CH2Cl2:EtOH:880NH 3 100:8:1) R, = 0.5. 

25 

intermediate 14 

(2R.3R.4S.5SV246^hloro-purirv9-viy5^ 
3.4-diol 

30 To cooled (0°) 6K*loio-9^6S^5^thyk>xazoW^ 

(3aR f 6aS)-fufo[3,4-dl[1,3]dioxol^R-yQ-9H-purine (0.85g) was added a cold 
(0°C) mixture of trifluoroacettc acid (8.2ml) and water (0.8ml). The mixture was 
stirred at OX for 5h before being stored in the refrigerator overnight The 
mixture was concentrated in vacuo to give a yellow residue which was 

35 azeotroped with dichloromethane:ethanol:ammonia (75:8:1) (3x40ml) to give a 
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yellow liquid (4ml). This was diluted with ethanol (5ml) and purified by 
chromatography on silica gel (Merck 7734), . eluting with 
dichtoromethane:ethanol:ammonia (100:8:1) to (50:8:1) to give the title diol as a 
pale yellow solid (0.355g). 
5 NMR 6 (DMSO) 9.00 (1H,s,CH), 8.85 (1H,s,CH), 6.99 QH.fine t,CH). 6.1-5.9 
(2H,2xbrs,2xOH). 5.05 (IH.d.CH), 4.89 (Mt.CH), 4.70 QH,t,CH), 2.7 
(2H.dq.CH 2 ). 1.20 (3H.t,CH 3 ). 

Example 16 

10 (2S.3S.4R.5RV2-(5-Ethvl^xazol-2-v!y546^ 
vn-tetrah yd ro-f u ran-3 .4-d iol 

To a solution of (2R,3R.4S,5S)-2-(6-^loro-purin-9-yl)-5-(5-ethyl-oxa2ol-2-yl)- 
tetrahydro-furan-3,4-diol (0.19g). in isopropanol (15ml) was added 

15 diisopropylethyiamine (0.3ml) and 4-aminotetrahydropyran hydrochloride 
(0.1 35g). After stimng at reflux for 16h, further diisopropylethyiamine (0.2ml) 
and 4-aminotetrahydropyran hydrochloride (60mg) were added. Stimng was 
continued at reflux for a further 20h before the mixture was cooled and 
concentrated in vacuo to give a yellow gum (0.8g). Purification by 

20 chromatography on silica gel (Merck 7734) with 
dichloromethane:ethanol:ammonia (250:8:1) - (100:8:1), gave the titte 
compound, as a white foam (0.1 82g). 
Mass spectrum m/z 417 [MH*] 

NMR 8 (CDCI3) 8.27 QH.S.CH), 8.13 (1H,s,CH), 6.72 (IH.s.CH), 6.6-6.2 
25 (1H.vbrs,-OH), 6.21 (1H,d,CH), 5.98 QH,brd,NH), 5.31 (lH.d,CH), 4.79 
(2H.m,2xCH). 4.40 (1H,brs,CH), 4.02 (2H.brd^xCH equatorial), 3.57 (2H,t,2xCH 
axial), 2.66 (2H,q,CH 2 ), 2.07 (2H,brd,2xCH equatorial), 1.63 (2H.brq,2xCH 
axial), 1.23 (3H,t,CH 3 ). 

30 Experimental details for route (E) 
Example 17 

(2S.3S.4R.5RV2-{6^vdopentvlamino^urin-9-vlV5-f5-cvctopropvt- 
n .3.41thiadiazol-2-vl Vtetrahvdro-furan-3.4-diol 
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Cyclopropanecarboxylic acid N'-[6R-(6-cydopentylam 
dimethyketrahydro^3aS,6aR)Tfuro^^^ 

(12mg) was heated at 80°C with Lawesson's reagent (19mg) in acetonitrile (2ml) 
for 8h. Further Lawesson's reagent (40mg) was added, and the mixture heated 
5 at 70°C for 16h. The solvent was evaporated and the residue purified by 
chromatography on silica gel (Varian Bondelut cartridge) eluting with ethyl 
acetate:cyclohexane 20:80 - 100:0 and ethyl acetate:methanol 98:2 - 95:5, to 
give the protected product (31 mg). This material was treated with trifluoroacetic 
acid (1ml) and water (0.1ml) and the solution allowed to stand at 4°C overnight 

10 (19h). The mixture was poured into ice cold aqueous solium bicarbonate 
(15ml) and extracted with ethyl acetate (3x1 5ml). The organic layers were 
washed with brine, dried (MgS0 4 ) and evaporated in vacuo to give a colourless 
gum. Purification by automated HPLC (gradient profile 30-60% (ii) over 20 min) 
gave the title compound (1 .33mg). 

15 LC/MS (System A) R t 4.0 min 
Mass spectrum mfz 430 [MH 4 ]. 

Experimental details for route (F) 

Intermediate 15 

20 (3aS.4S>6R t 6aR)^(6-)sopropvlamino-purin^ 
furof3.4-d1f 1 .31dioxole-4-carboxvlic acid 

A mixture of (3aS,4S£R,6aR>^(6^lorcKpurin-9^^ 

furo[3,4-d][1,3]dioxole4-carboxylic acid (5.82g) and isopropyl amine (7.27 ml) 
25 in isopropanol (20 ml) was heated under reflux for 40h, cooled to room 

temperature and concentrated in vacuo. The resulting residue was partitioned 

between ethyl acetate (75 ml) and citric acid (0.5M, 75 ml). The layers were 

separated, and the organic phase washed with citric add solution (2 x 50 ml). 

The combined organic extracts were washed with water (50 ml) and brine (80 
30 ml), dried (MgS0 4 ), filtered and concentrated in vacuo to afford the title 

compound as a light brown foam (4.49 g). 



TLC Si0 2 (ethyl acetate) R f = 0.35 
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Intermediate 16 

(3aS.4S.6R.6aRV^6-lsopropylamino-purin-9-^ 
furDf3.4-diri t 31dioxol&4-cart)oxvlic acid methyl ester 

5 A mixture of (3aS,4S,6R,6aR)^(6-isopropylamino-purirv9-yl)-2 f 2-dimethyl- 
tetrahydro-furo[3,4^][1^]dioxole-4^rtx)xylic acid (4.82 g) and 2-ethoxy-N- 
ethoxycarbonyH,2-dihydroquinoline (EEDQ, 3.36 g) in methanol (150 ml) was 
heated under reflux for 60h. After cooling to room temperature, the solution was 
concentrated in vacuo and the resulting residue partitioned between ethyl 

10 acetate (100 ml) and citric acid solution (0.5M, 75 ml). The aqueous layer was 
extracted with ethyl acetate (4 x 25 mi) and the combined organic extracts were 
washed with water (50 ml) and brine (75 ml), dried (MgS04). filtered and 
concentrated in vacuo . The resulting residue was purified by flash 
chromatography on silica gel, eluting with ethyl acetate: cyclohexane (1:1) to 

1 5 afford the title compound as a white solid (3.76 g). 
TLC SiC>2 (ethyl acetatexyclohexane 1 :1 ) R f = 0.20. 

Intermediate 17 

(3aS.4S.6R.6aRy^6-lsopropviamino^urin^ 
20 furoP.^-dlfl^ldioxole^t-carboxylic acid hvdrazide 

A mixture of (3aS f 4S,6R.6aR)^6-isopropylamino-purin-9-yl)-2^-dimethyl- 
tetrahydro-furoP,4Kl]t1,3]dioxole-4-carboxylic acid methyl ester (3.76 g) and 
hydrazine hydrate (1.26 ml) in methanol (140 ml) was heated under reflux for 
25 48h. After cooling to room temperature, the mixture was concentrated in vacuo 
and the residue triturated with ethyl acetate to afford the title compound as a 
white solid (3.3 g). 

Analysis Found: C. 51.5; H, 6.5; N, 23.6% 

C16H23N7O4. 0.4EtOAc requires: C, 51 .0; H, 6.4; N, 23.8% 

30 

Example 18 

(2R.3R.4S.5RW2^6-lsopinopvtamirK^ 
vtRetrah\rtro-furan-3.4-diol trifluoroacetate 
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A mixture of (3aS,4S,6R,6aR)^(6-isopropylamin^ 
tetrahydrc>-furo[3,4^][1,3]dfoxole^-rarboxylic acid hydrazide (0.5 g). 
ethylacetimidate hydrochloride (0.24 g) and triethylamine (0.55 ml) in ethanol 
(10 ml) was heated under reflux for 72h and cooled to room temperature. The 
5 solvent was evaporated in vacuo and the residue purified by flash 
chromatography on silica gel (Merck 9385), eluting with ethyl acetate: methanol 
(9:1), to afford a white solid (0.37 g), which was treated with trifluoroacetic acid 
(3.6 ml) and water (0.36 ml); the mixture stirred at 0°C for 6h. The resulting 
solution was evaporated to dryness, toluene was added and the mixture re- 
10 evaporated to dryness. The resulting residue was triturated with ethyl acetate to 
afford the title compound as a white solid (0.41 g). 

R (DMSO) 8.71 (1H, brs, NH), 8.40-8.20 (2H, s + brs 2 x CH), 6.11 
(1H, d, CH), 5.00 (1H, d, CH). 4.73 QH, t, CH). 4.44 (2H, t + brm, 2 xCH), 2.42 
15 (3H.s,CH3),1.27(6H t d,2xCH 3 ) 

Analysis Found: C. 42.9; H, 4.45; N, 23.5% 
C15H20N8O3 requires: C, 43.0; H, 4.4; N, 23.6% 

20 Experimental details for route (G). 
Intermediate 18 

&^hloro-946S^3-(^opropvl41^ 
OaR.eaSVfurofS.^dlfl^ldioxoMR-vn-gH-purine 

A suspension of (3aS,4S,6R,6aR)-6-(6<^loro-purin-9-ylV2,2<limethyl- 
25 tetrahydro-furo[3,4-d][1,3]dioxole-4-carboxylic acid (4.17 g) in anhydrous 
tetrahydrofuran (80 ml) was cooled under nitrogen to 5°C. To the suspension 
was added diisopropyiethylamine (4.68 ml). Pivaloyl chloride (1.65 ml) was 
added after 10 min, and the mixture was stirred at 0°C for 1 h, and allowed to 
warm to room temperature over 1 h. The mixture was again cooled to 5°C, 
30 cyclopropylamkloxime (1.47 g) was added dropwise, the cooling bath was 
removed and stirring was continued at 22°C for 18 h. The diisopropyiethylamine 
hydrochloride was filtered off and washed with tetrahydrofuran (100 ml). The 
filtrate was heated at reflux for 10 h, cooled and concentrated in vacuo to give a 
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residue which was purified by chromatography on silica gel (Varian Mega 
Bondelut cartridge), eluting with ethyl acetateicyclohexane (3:1), to afford the 
title compound as a white solid (1.99 g). 
LC/MS (System B): R t = 2.91 min 
5 Mass spectrum mfz 405 (MH*) 

Intermediate 19 

(2R.3R.4S.5SV2-(6^h)oro^urirv9-viy5^^ 
tetrahvdro-furan-3.4-diol 

10 

A solution of 6^hloro-9-[6S-(3^dopropyt-[1.2,4]oxadia2ol-5-yl>-2,2KJimethyl- 
tetrahydro^3aR t 6aSHuro[3,4-d][1 f 3]dioxoMR-yO-9H-purine (1.99g) in a cold 
mixture of trifluoroacetic acid water (9:1; 25 ml) was kept at 4°C for 20 h. The 
resulting solution was basified in an ice bath with a saturated solution of sodium 
15 bicarbonate (200 ml), extracted with ethyl acetate ( 3 x 70 ml) and the extracts 
dried (MgS0 4 ) and concentrated in vacuo. The resulting brown oil was purified 
by chromatography on silica gel (Varian Mega Bondelut cartridge), eluting with 
dichloromethanermethanol (10:1) to afford the title compound (1.29 g) as a white 
solid. 

20 LC/MS (System B): R t = 2.42 min 
Mass spectrum mfz 365 (MH*) 

Example 19 

(2S.3S.4R.5RV2^3-Cvdopropvl41.24to 
25 cvctopenMSVvlaminoVpurin-9-vn-tetrahvdro-furan-3.4-diol 

To a solution of (2R,3R,4S,5S)-2^6-chlon>purin'9-yl)-5-(3-cyclopropyl- 
[1,2,4]oxadiazol-5-yl)-tetrahydro-furan-3,4-diol (50 mg) in isopropanol (5 ml) was 
added diisopropytethylamine (0.072 ml) and trans-(1S,2S)-2- 
30 aminocydopentanol hydrochloride (37.8 mg). The mixture was heated at reflux 
for 48 h, cooled to room temperature and concentrated to dryness in vacuo to 
give a residue which was purified by solid phase extraction (5 g, Varian Mega 
Bondelut cartridge, aminopropyl bonded phase, eluting with (i) CHCI 3> (ii) ethyl 
acetate:cyclohexane (1:1), (iii) ethyl acetate, (iv) dichloromethane, (v) 
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dichloromethane:methanol (20:1), (vi) dichloromethane:methanol (10:1) and (vii) 
methanol to afford the title compound (47.3 mg). 
LC/MS (System B): Rt = 2.37 min 
Mass spectrum m/z 430 (MH*) 

5 

Experimental details for route (H) 
Intermediate 20 

449^6S^arboxv-2.2^imemvl4etrahvdrcHf3aR.6aSVfurof3.4 -diri.31dioxol-4R- 
ylV-9H-Durin-6-vlaminoT-p}peridine-1-carboxvlic acid ethvl ester 

10 

A mixture of ethyl-4-amino-piperidinecarboxylate (1.80 ml), (3aS,4S.6R,6aR)-6- 
(6^loio-purin-9-yl)-2,2^imethyMetrahydro^ 

acid (2.0 g) and diisopropylethylamine (2.74 ml) was heated at reflux in 
isopropanol (100 ml) for 70 h. After cooling to room temperature the mixture 

15 was concentrated in vacuo . Water (100 ml) was added to the residue and the 
mixture acidified to pH 4 (citric acid). The mixture was rapidly extracted with 
dichloromethane (3 x 50 ml) and the extracts dried (MgS0 4 ) and concentrated in 
vacuo to afford the title compound as a yellow solid (2.56 g). 
LC/MS (System B): R, = 2.62 min 

20 Mass spectrum m/z 477 

Intermediate 21 

449^6S^roamovl-2.2^imeth^tetrahvdro^3aR.6aSVfuro[3 .4^1f1.31dioxoMR- 
vlV9H^urirv^vlamino1-piperidine-1-carboxvlicacid ethvl ester 

25 

A cooled (0°C) solution of 4-^(6S^rboxy-2,2-dimethyl-tetrahydn>(3aR.6aS)- 
furo[3,4-d][i ,3]dioxoMR-yl)-9H-purii>^ylamino]-piperidine-1-carboxylic acid 
ethyl ester (2.56 g) in anhydrous dichloromethane (50 ml) was treated with 
triethylamine (0.82 ml) and pivaloyl chloride (0.73 ml). Ammonia was bubbled 
30 into the solution for 70 min. The mixture was evaporated to dryness in vacuo to 
give a crude product, which was dissolved in ethyl acetate and washed with 
water (3 x 70 ml). The extracts were dried (MgS0 4 ) and concentrated in vacuo 
to afford the title compound as a pale orange solid (1 .97 g). 
LC/MS (System B): R t = 2.54 min 
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Mass spectrum m/z 476 (MH*) 

Intermediate 22 

4-f9-f6R-Cvano-2.2-dimethv^ 
5 9HH3urin-6-vlaminoVDiperidine-1-cart)oxvlic acid ethyl ester 

A solution of 4-[9^6S^rbamoyl-2 f 2^imethyl4etrahydrch(3aR t 6aS)-furo[3,^ 
d][1,3]dioxoWR-yl)-9H-purin^^^ ethyl ester 

(1.97 g) in anhydrous acetonitrile (40 ml) was treated with 4* 

10 dimethylaminopyridine (1 .01 g). The mixture was cooled to 0°C and phosphorus 
oxychloride (1.93 ml) added dropwise. The mixture was allowed to warm to 
room temperature and stirred at this temperature for 1 h then heated at reflux for 
7 h. After cooling, the mixture was evaporated to dryness in vacuo to give the 
crude product which was dissolved in water (50 ml) and extracted with ethyl 

15 acetate (3 x 70 ml). The extracts were concentrated in vacuo to afford the title 
compound as a pale orange solid (1 .91 g). 
LC/MS (System A): Rt = 4.09 min 
Mass Spectrum m/z 458 (MH + ) 

20 Intermediate 23 

44946R^N4ivdroxvrarbamim^ 

tflM 3ldioxoMR-vn-9H"Durin^vlaminoV<)iperidine-1-cart)oxvlic acid ethyl ester 

4-[9^6R^yano-2,2^imethyH3aR^ 
25 9H-purin-6-ylamino]-piperidine-1-cart>oxylic acid ethyl ester (1.0 g) and 
hydroxylamine (50%; 0.29 ml) were heated at reflux in ethanol (25 ml) for 9 h. 
After cooling, the mixture was concentrated in vacuo and the residue was co- 
evaporated in toluene (50 ml) to give the title compound as a yellow solid 
(1.25g). 

30 LC/MS (System A): R t = 3.82 min 
Mass spectrum m/z 490 (MH*) 

Intermediate 24 
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449-r6R^5-tert-Buh^ 

furor3.4-diri.31dioxol-4R-vn^ acid 
ethvl ester 

5 449^6R-<N-Hydroxycarbamim-^ 

cQ[1 f 3]dioxoMR-yQ-9H-purin^ylamino^^^ acid ethyl ester 

(1.0 g) was stirred with pivalic acid (15 ml) and pivalic anhydride (0.49 ml) at 
ambient temperature for 2 h, then heated at reflux for 9 h. After cooling, the 
residue was treated with a saturated solution of sodium bicarbonate (100 ml) 

10 and extracted with ethyl acetate (4 x 100 ml). The extracts were dried (MgS0 4 ) 
and concentrated in vacuo . To the residue was added diethylether (100 ml). A 
brown precipitate was formed and filtered off, and the filtrate was concentrated 
in vacuo to afford a crude product. Purification by chromatography on silica gel 
(Varian Mega Bondelut cartridge) eluting with ethyl acetate afforded the titje 

1 5 compound as a pale orange oil (0.360g). 
LC/MS (System B):Rt = 3.1 3 min 
Mass spectrum mfz 557 (MH* ) 

Example 26 

20 44945R^54ert-Butvm.2.41oxadi 

2R~vn-9H^urin^vlaminoVoiperidine-1-carboxvlic acid ethyl ester 

A solution of 4^946R^5-tert4>utyH12^ 

(3aR,6aR>-furo[3,4-d][1 ,3]dioxol-4R-yl]-9H-purin-6-ylamino>-piperidine-1 - 
25 carboxylic acid ethyl ester (360 mg) in a cold mixture of trifluoroacetic acid water 
(9:1; 5 ml) was cooled to 0°C for 20 h. The resulting solution was neutralised 
with an ice-cold saturated solution of sodium bicarbonate (70 ml), extracted with 
ethyl acetate ( 3 x 50 ml) and the extracts dried (MgS0 4 ) and concentrated in 
vacuo . Preparative hplc was carried out on a Supelcosil LC-ABZ column (size 
30 21.2mm x 10cm) operating at 8ml/min (eluents were A: 0.1% trifluoroacetic acid 
/water, B: 0.01% trifluoroacetic acid in 95:5 acetonitrile/water) (gradient profile 
15 - 95% B over 25 min), to afford the title compound as a white solid (6.9 mg). 
LC/MS (System B): Rt = 2.76 min 
Mass spectrum mfz 517 (MH*) 

35 
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Experimental Details for route (I) 
Intermediate 25 

(3aS.4S.6R.6aR>^ethoxv-2.2-dimethv^^ 1 .31dioxole-4- 

5 carfaoxvtic acid methoxv-methvl^amide 

(3aS,4S,6R,6aRHtfethoxy-2,2-dime%^ 

carboxyfic acid (11g) was dissolved in dichloromethane (100ml) and carbonyldi- 
imidazole (8.47g) added portionwise over 10 min at 22°C and the solution stirred 

10 at 22°C for 0.5h. N.ODimethylhydroxylamine hydrochloride (12.5g) was 
dissolved in water (50ml) and 10N sodium hydroxide (20ml) added, and the 
solution extracted with dichloromethane (3x50ml). The dichloromethane 
extracts were dried (Na^CU) and filtered, and the solution added to the above 
solution. After stirring for 3 days, the solution was washed with 0.5M citric add 

15 (200ml), 8% sodium bicarbonate (200ml), dried (Na2S0 4 ) and evaporated in 
vacuo to give the title compound as a colourless oil (14.2g). 
TLC: SiCfe (ether) R f = 0.33. 

Intermediate 26 
20 H6R-Methoxv-2.2^imethvMetra^ 
4.4-dimethvl-pent-2-yn-1 -one 

3,3-DimethyM-butyne (10g) in THF (90ml) was added slowly to a 3.0M solution 
of methylmagnesium chloride in THF (50ml) under nitrogen at 0-5°C, and stirred 

25 at 0-5°C for 5h. (3aS,4S,6R,6aR)^Methoxy-2.2Hlimethyl4etrahydro-furo[3,4- 
d][1 ,3]dioxole-4-carboxylic acid methoxy-methyl-amide (14.1 7g) was added in 
THF (20ml) over 20 min at 0-5°C, and the solution stirred at 0-5°C for 2h. The 
reaction mixture was quenched with 30% ammonium chloride (150ml) and 2M 
hydrochloric acid (15ml) and extracted with ethyl acetate (2x1 50ml). The 

30 combined organic phases were dried (Na2S0 4 ) and evaporated in vacuo, and 
the residue purified by flash chromatography over silica (150g) eluting with 
cyclohexane-diethyl ether (2:1) to afford the title compound as a colourless solid 
(4.01g). 

TLC: S1O2 (ether) R, = 0.55 

35 
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intermediate 27 

1-(6R-Methoxv-2.2^imethvl-tetra^ 
4.4-dimethvl-pentane-1 .3-dk>ne-3-oxime 

5 H6R-Methoxy-2,2^imethyMetrahydM 

4,4-dimethyt-pent-2-yn-1 -one (573mg) was dissolved in methanol (6ml) and 50% 
aqueous hydroxytamine (0.19ml) added. After standing at 23°C for 5h, the 
solution was concentrated in vacuo, diluted with water (10ml) and extracted with 
ethyl acetate (2x1 5ml). The extracts were dried (Na2S0 4 ) and evaporated in 
1 0 vacuo to afford the title compound as a colourless oil (0.635g). 
TLC: Si0 2 (cyclohexane-Et20 3:2) R f = 0.16 

Intermediate 28 

Acetic acid 4R-acetoxv-2S43-tert-butvl-isoxazol-5-vlV5-methoxv^tetrahvdf^ 
15 furan-3R-vl ester 

H6R-Methoxy-2,2KlimethyMetrahydM^ 

4 9 4-dimethy!-pentan^1,3-dione 3-oxime (632mg) was dissolved in methanol 
(15ml) and cone, hydrochloric acid (1ml) added. The resulting solution was 

20 heated under reflux under nitrogen for 20h, cooled and evaporated in vacuo. 
The residue was dissolved in pyridine (10ml) and 4-dimethylaminopyridine (1mg) 
and acetic anhydride (2ml) added. The solution was allowed to stand at 22°C 
/3h, and the solvents removed in vacuo. The residue was dissolved in ethyl 
acetate (100ml), washed with 8% sodium bicarbonate (50ml), dried (Na2S04) 

25 and evaporated in vacuo to give the title compound as a pale yellow gum 
(575mg). 

Mass spectrum m/z 342 (MH*) 

Intermediate 29 

30 Acetic acid 4R-acetoxv-5S^3-tert4>utvl-isoxazol^ 
tetrahvdro-furan-3R-vl ester 

6-Chtoropurine (1.36g), toluene (20ml) and hexamethyldisilazane (10ml) were 
heated under reflux under nitrogen for 2h, cooled, and evaporated in vacuo. 
35 The residue was co-evaporated with dry toluene (12ml) and taken into dry 
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acetonitrile (20ml) and acetic acid 4R-acetoxy-2S-(3-tert-butyl-isoxa2ol-5-yl)-5- 
methoxy-tetrahydrofuran-3R-yl ester (1 .01g) and trimethylsifyl 
trifluoromethanesulfonate (1.8ml) added, and the solution heated under reflux 
under nitrogen for 5h. The solution was cooled and poured into 8% sodium 
5 bicarbonate (150ml) and extracted with ethyl acetate (2x1 00ml). The extracts 
were combined, dried (Na2S0 4 ) and evaporated in vacuo . The residue was 
purified by flash chromatography over silica (200g) eluting with cyclohexane- 
ether (1:1-1 :4) to afford the title compound as a colourless foam (0.953g). 
LCMS (system A) R t = 4.35 min. 

10 

Example 27 

(2S.3S.4R.5RV2^34ert-ButvMsox^^ 
ylamineVpurin^9-vn-tetrahvdro-furan"3.4"diol 

15 Acetic acid 4R^cetoxy-5S-(34ert-butyl-isoxazo^ 

tetrahydro-furarv3R-yl ester (70mg) and trans^1S,2S)-2«*minocyclopentanol 
hydrochloride (62mg) were dissolved in isopropanol (10ml) and di- 
isopropylethytamine (0.16ml) added, and the solution heated under reflux for 
17h. The solvent was evaporated in vacuo and the residue dissolved in 

20 saturated methanolic ammonia (7ml) and allowed to stand for 3h* The solvent 
was removed in vacuo and the residue purified by chromatography over silica 
(5g) eluting with ethyl acetate-methanol (10:1). Further purification by autoprep 
HPLC afforded the title compound as a colourless gum (40mg). 
LCMS (system A): R t = 3.81 min 

25 Mass spectrum: m/z 445 (MH + ) 

Example 28 

(2S.3S.4R.5Ry2434ert-ButvHsoxazol-^ 
purin-9-vn4etrahvdro-furan-3.4-diol 

30 

Acetic acid 4R-acetoxy-5S^34ert4>utyMsoxazol-5-^ 
tetrahydro-furan-3R-yl ester (70mg) and 4-aminotetrahydropyran hydrochloride 
(62mg) were dissolved in isopropanol (10ml) and dMsopropylethylamine 
(0.16ml) added, and the solution heated under reflux for 17h. The solvent was 
35 removed in vacuo and the residue dissolved in saturated methanolic ammonia 
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(7ml), and allowed to stand for 3h. The solvent was removed in vacuo and the 
residue purified by solid phase extraction (Varian Bondelut aminopropyl bonded 
silica gel cartridge), eluting with ethyl acetate-methanol (10:1). Further 
purification by autoprep HPLC gave the title compound as a colourless gum 
5 (31 mg). 

LCMS (system A): R t = 3.78min 
Mass spectrum m/z 445 (Ml-T) 

Experimental details for route (J) 

10 Intermediate 30 

(EV3-Dimethvlamino-1-(6R^etho 
d\\ 1 .31dioxoMS-vl Vpropenone 

H6R4dethoxy-2.2^imethyUetrahyd 

15 ethanone (0.62g) was dissolved in toluene (25ml) and dimethylformamide 
dimethyl acetal (5ml) added and the solution heated under reflux under nitrogen 
for 17h. The solvents were removed in vacuo and the residue purified by flash 
chromatography over silica (30g) eluting with ethyl acetate to afford the title 
compound as a yellow gum (0.1 02g). 

20 Mass spectrum m/z 272 (MH*) 

Intermediate 31 

5^6R-Methoxv-2.2KlimethvMetra^ 
1H-pvrazole 

25 

(E)-3-Dimethylamino-H6R-meth^ 

furo[3 t 4-d][1,3]dioxoMS-yl)-propenone (102mg) was dissolved in methanol 
(15ml) and hydrazine hydrate (0.5ml) added and the solution heated under 
reflux for 1 .5h. The solvents were removed in vacuo and the residue purified by 
30 flash chromatography over silica gel, eluting with diethyl ether to afford the title 
compound as a colourless gum (47mg). 
Mass spectrum m/z 241 (MH*) 



intermediate 32 
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Acetic add 4R-acetoxv-2R-M-acetvM H>Dvrazol-3>vl>-5R-methoxv4etrahvdro> 
furan-3R-vl ester 

5^6R4Methoxy-2,2^imethyketrah^ 
5 1H-pyrazole (1.66g) was dissolved in methanol (120ml), treated with cone, 
hydrochloric acid (1ml), heated under reflux for 22h, cooled and evaporated in 
vacuo . The residue was dissolved in pyridine (80ml), acetic anhydride (4ml) 
added and the solution allowed to stand for 3h. The solvents were removed in 
vacuo and the residue taken into ethyl acetate (200ml) and washed successively 
10 with 0.5M citric acid (100ml), 8% sodium bicarbonate (100ml) and brine (100ml). 
The organic phase was dried (Na2S0 4 ), evaporated in vacuo and the residue 
purified by flash chromatography over silica gel, eluting with cyclohexane-diethyl 
ether (2:1-1:1) to afford the title compound as a colourless gum (646mg). 
Mass spectrum m/z 327 (MH*), 344 (MNlV) 

15 

Intermediate 33 

Acetic acid 4R-acetoxv-5R-( 1 -acetvH K-pyrazol^^ V2R-(6-chloro-purin>9-vlV 
tetra h yd ro-fu ra n-3R-vl ester 

20 6-Chloropurine (1g) was suspended in toluene (40ml), hexamethyldisilazane 
(10ml) was added, and the mixture was heated under reflux for 1h. After 
cooling, the solvents were evaporated in vacuo followed by co-evaporation with 
toluene (10ml). The residue was dissolved in dry acetonitrite (40ml), acetic acid 
4R-acetoxy-2R-{1 -acetyM H-pyrazol-3-yl)-5R-methoxy-tetrahydro-furan-3R«yl 

25 ester (645mg), DBU (1ml) and trimethylsilyl trifluoromethanesulfonate (1ml) 
were added, and the resulting solution was heated under reflux under nitrogen 
for 3h. The cooled solution was poured into 8% sodium bicarbonate (150ml) 
and extracted with ethyl acetate (2x1 00ml). The combined extracts were dried 
(Na2S0 4 ) and evaporated in vacuo to afford a mixture which was purified by 

30 flash chromatography over silica gel, eluting with ether-cyclohexane (3:1) to 
afford the title compound (42mg). 
Mass spectrum m/z 449/451 (MH*) 

Intermediate 34 
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(2R.3R.4S.5Rl2^6^hlorT>-purin-9-vty^ 
did 

Acetic acid 4R-acetoxy-5-(1^<*tyMH 
5 tetrahydro-furan-3R-yl ester (42mg) was dissolved in methanol (3ml) and cooled 
to 0°C. Tert-butylamine (0.2ml) was added and the solution allowed to stand for 
25 min. at 0°C. The solvents were removed in vacuo to furnish the titte 
compound (35mg). 
Mass spectrum m/z 323/325 (MH*) 

10 

Example 29 

(2R < 3R.4S.5RV2^2H-Pyrazol-3-viy5^ 
tetrahvdro-furan-3.4-diol 

1 5 (2R,3R,4S,5R}-2^6^hIoro-purirv9-yl)-^ 

diol (35mg) was dissolved in isopropanol (3ml), N.N-dMsopropylethylamine 
(0.12ml) and tetrahydro-pyran-4-yiamine hydrochloride (46mg) were added, and 
the resulting solution was heated under reflux under nitrogen for 17h. The 
solvent was removed in vacuo, the residue dissolved in methanol (10ml), and 

20 8% sodium bicarbonate (3ml) added, followed by silica gel (3g). The solvents 
were removed in vacuo and the residue added to a flash column of silica gel 
packed in dichloromethane. Elution with dichloromethane-methanol (4:1) 
afforded the title compound as a clear viscous gum (5.2mg). 
LCMS (system A) R t = 3.34 min. 

25 Mass spectrum m/z 388 (MH*) 

Experimental details for route (K) 
Intermediate 35 

(3aS.4S.6R.6aR>^6-Chloropurirv9-y^ 
30 dlM .31dtoxole-4-carboxvlic acid methoxv-methvi-amide 

(3aS,4S t 6R t 6aR)^6^hloro-purir>^ 

d][1,3]dioxole-4-carboxylic acid (35.88g) was dissolved in dichloromethane 
(300ml) and treated with 1,1'-carbonyldiimidazole (20.5g) with ice-coding. The 
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solution was stirred at 22°C for 1h, N.O-dimethylhydroxylamine hydrochloride 
(12.3g) and pyridine (15ml) were added, and stirring was continued at 22°C for 
24h. The solution was washed with 0.5M citric acid (250ml) and 8% sodium 
bicarbonate (200ml), dried (Na^CU) and evaporated in vacuo . The residue was 
5 purified by flash chromatography over silica gel, eluting with ethyl acetate to 
afford the title compound as a colourless solid (26.4g). 
LCMS (system A) R t = 3.77 min 
Mass spectrum m/z 384/386 (MH*) 

10 Intermediate 36 

(3aS.4S.6R.6aRl2.2-Pimethvl^(64hiox^ 
furof3A<flri.31dioxole^^rboxvlic acid methoxv-methvl-amide 

(3aS,4S,6R,6aR)-6^6<;hloro-purin-9-y^ 
15 d][1 ,3]dioxide-4-carboxylic add methoxy-methyl-amide (23.3g) was suspended 

in ethanol (250ml), and treated with sodium hydrogen sulfide (10g). The mixture 

was stirred under reflux under nitrogen for 3h, cooled and evaporated in vacuo. 

The residue in water (250ml) was acidified with 0.5M citric acid (ra. 40ml), 

filtered, and the filtered solid washed with water (250ml) and isopropanol 
20 (1 00ml) and dried in vacuo to afford the title compound as a yellow solid (1 6.3g). 

LC/MS (system A) R t = 3.53 min 

Mass spectrum m/z 382 (MH*) 

Intermediate 37 

25 (9-f6R^5-Tert-Butvl2HH>v^ 

din .3TdioxoMR-vn-9H-ourin^vlVcvclopentvlamine 

(3aS,4S,6R,6aR)-2 f 2-Dimethyl^64hiox 

furo[3,4-d][1,3]dioxole-4-carboxylic acid methoxy-methyl-amide (1g) was 
30 dissolved in N,N-dimethylformamide (DMF) (25ml) with heating and filtered 
whilst hot. The filtrate was treated with di-isopropytethylamine (0.5ml) and 
MerrifiekJ resin (chloromethyl form, 2g, 0.8mmol/g, 1% cross-linked) and the 
mixture shaken for 24h. The mixture was filtered and the filtered resin washed 
with DMF (2x1 5ml), dichloromethane (2x1 5ml) and ether (3x1 5ml). The above 
35 resin was added to a solution of 3,3-dimethyM-butynylmagnesium chloride 
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(prepared by treating 3,3-dimethyM-butyne [2ml] with 3.0M methyl magnesium 
chloride in tetrahydrofuran (THF) [4ml] in THF [25ml] at 22° for 17h) in THF at 0- 
5°C, and the mixture was stirred at 0-5°C for 6h. 2M Hydrochloric acid (6ml) 
and THF (12ml) were added, and after 10 min shaking, the resin was filtered 
5 and washed with THF (2x1 5ml) and ether (2x1 5ml). The resin was re- 
suspended in DMF (25ml), hydrazine hydrate (2ml) was added, and the mixture 
was shaken for 17h. The mixture was filtered, washed with DMF (30ml) f 
dichloromethane (2x1 0ml) and _ ether (3x10ml), re-suspended in 
dichloromethane (15ml), treated with 3-chloroperoxybenzoic acid (57-81%, 

10 0.50g) and shaken at 22°C for 17h. The resin was filtered off, and washed with 
dichloromethane (3x10ml) and ether (2x10ml). The residue in THF (10ml) was 
treated with cyclopentylamine (88 I) and di-isopropylethylamine (0.16ml), and 
the mixture was shaken at 22°C for 17h. The mixture was filtered, washed with 
THF-methanol (3:1, 2x1 0ml), and the filtrate and washings were evaporated in 

15 vacuo . Purification by automated preparative HPLC afforded th e title compound 
(20mg). 

LC/MS (system A) R* = 4.48 min 
Mass spectrum mte 468 (MH*) 

20 Example 30 

(2R.3R.4S.5RV2-f54ert-BuM-2H^^ 
tetrahvdro-furan~3.4-diol 

{9-[6RK5-tert-Butyl-2H-pyr^ 

25 d][1,3]dioxoMR-yl]-9H-purin-6-yl}-cyclopentylamine (20mg) was dissolved in 
trifluoroacetic acid-water (9:1, 4ml) and the mixture was allowed to stand at 0- 
5°C for 17h. The solution was evaporated in vacuo (bath temp <30°C) and 
quenched with 2M sodium carbonate (15ml). The mixture was extracted with 
ethyl acetate (2x1 5ml), and the combined extracts dried (Na2S0 4 ) and 

30 evaporated in vacuo . The residue was purified by chromatography on silica gel 
(Varian Bondelut cartridge), eluting with ethyl acetate-methanol (9:1), to afford 
the title compound as a clear gum (19mg). 
LC/MS (system A) R t = 4.0 min 
Mass spectrum m/z 428 (MH*) 

35 
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Experimental details for route (L) 

intermediate 38 

3-Ethv)-5^6R^ethoxv^2.2^^ 
4S-vD-isoxazole 

5 

To a stirring mixture of 4R-ethynyl-6R-methoxy-2 f 2-dimethyl-tetrahydro- 
(3aR,6aRMuro[3/W][1,3]dioxole [lit. compd.; ref: Helv. Chim. Acta 1980, 63, 
1181-1189.] (0.271g) and phenyl isocyanate (0.328ml) in dry toluene (1.5ml) 
under nitrogen, was added a mixture of 1-nitropropane (0.134ml) and 

10 triethylamine (0.038ml) in dry toluene (1ml) over 5min. A precipitate was formed 
slowly during the addition. The resultant mixture was heated at between 73°C to 
82°C for 18h. The cooled reaction mixture was filtered through silica gel, washed 
well with ether and then 40% ethyl acetate - cyclohexane. Removal of solvent in 
vacuo gave a light brown solid (0.487g) which was subjected to flash 

15 chromatography on silica gel, eluting with ethyl acetate: cyclohexane 20:80- 
30:70, to give the title compound as a dear oil (0.329g). 

TLC (cydohexane-ethyl acetate 3:2) R f = 0.49. 

20 Intermediate 39a Acetic acid 4R.5S-diacetoxv-2S-f3-ethvtHSOxazol-&-vlV 
tetrahvdro-furan-3R-vl ester and Intermediate 39b Acetic acid 4R.5R"diacetoxv- 
2S^3-ethvtHSOxazol-5-vlMetrahvdiXHfuran-3R-vt ester 

A solution of 3^thyl-5^6R-methoxy-2,2^imeto^ 

25 d][1 t 3]dtoxoWS-ylHsoxazole (0.355g) in a mixture of trifluoroacetic add (5ml) 
and water (0.05ml) was stirred at room temperature for 27h and then 
evaporated in vacuo . The residue was azeotroped with toluene (x3), dissolved in 
dry dichloromethane (10ml) under nitrogen, and cooled to 0°C. 4-(N,N- 
dimethylamino)pyridine (0.048g), triethylamine (8.3ml) followed by acetic 

30 anhydride (2.49ml) were added. The mixture was stirred at 0° to room 
temperature overnight. The resultant mixture was evaporated in vacuo to give a 
brown liquid (1 .34g). Purification by flash chromatography on silica gel, eluting 
with ethyl acetatercydohexane 20:80-40:60, afforded acetic add 4R t 5S- 
diacetoxy-2S-(3-ethyl-isoxazol-5-yl)-tetrahydro-furan-3R-yl ester (0.1 92g) as a 
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light brown oil, followed by acetic acid 4R,5R-diacetoxy-2S-(3-ethyl-isoxazol-5- 
yl)-tetrahydro-furan-3R~yl ester (0.1 6g) as a light brown oil. 

Intermediate 39a Si0 2 TLC (Cyclohexane-ethyl acetate 3:2), Rf = 0.28 

5 

Intermediate 39b S1O2TLC (Cydohexane-ethyl acetate 3:2), R f = 0.22 
Intermediate 40 

Acetic acid 4R-aretoxv-2R-(2.6^ichloro-purin^ 
10 tetrahvdro-furan-3R-vl ester 

To a mixture of acetic acid 4R,5S-diacetoxy-2S-(3-ethyWsoxazol-5«yl>- 
tetrahydro-furan-3R-yl ester and acetic acid 4R,5R-diacetoxy-2S-(3-ethyl- 
isoxazol-5-yl)-tetrahydro-furan-3R-yl ester (0.909g) in dry acetonitrile (5ml) at 

15 room temperature under nitrogen was added 2,6-dichIoropurine (0.779g), DBU 
(0.692ml) followed by trimethylsilyl triflate (0.99ml). The reaction was stirred at 
room temperature for 20h, and quenched with saturated aqueous sodium 
bicarbonate solution (30ml). Extraction with ethyl acetate (3x40ml) gave a brown 
liquid (3.54g). Purification by flash chromatography on silica gel, eluting with 

20 ethyl acetate:cydohexane 40:60-50:50, gave the title compound as a creamy 
white foam (0.798g). 

TLC S1O2 (Cydohexane-ethyl acetate 2:3), R f = 0.25. 

25 Intermediate 41 

Acetic add 4R-acetoxv-2R42-chloro^HS4ivdroxv^ 
purin-9-vtV5S^3-ethvHsoxazol-^^ ester 

Acetic acid 4R-aretoxy-2R^2,6-dichloro-purin-9-yl)-5S-(3^thyl-isoxazol-5-yl^ 
30 tetrahydro-furan-3R-yl ester (151mg), (S)-phenylalaninol (53mg) and di- 

isopropylethylamine (67 I) were dissolved in isopropanol (2ml) and heated at 

50°C for 7.5h. The solvent was removed in vacuo to afford the crude title 

compound as a dear gum. (260mg) 

LC/MS (system )R t = 4.63min 
35 Mass spectrum m/z 585/587 
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Example 31 

r2R.3R.4S.5SV246^1S-hvdroxv^ 
^V5^3^thvl-isoxazol~5-vlVtetrahvdrofuran~3.4-diol 

5 

Acetic acid 4R^c*toxy-2R-[2^hlor^ 

purin-9-yQ-5S^3^thyHsoxazol-5-^^^ ester (259mg) was 

added to 25% sodium methoxide in methanol (4ml) and the mixture stirred at 
22°C for 8h. The solvent was removed in vacuo and the residue purified by 
10 flash chromatography over silica gel, eluting with ethyl acetate-methanol (10:1) 
to give the title compound as a pale yellow gum (101 mg). 
LC/MS (system A) R t 4.04 min 
Mass spectrum m/z 497 (MH + ) 

1 5 Experimental details for route (M) 
Intermediate 42 

(3aS.4S.6R»6aRV2»2-Dimethvl^6K)x^^ 
f1.31dioxole-4-carboxvlic acid 

20 Potassium permanganate (3.0g) and potassium hydroxide (1 .0g) in water (60ml) 
were stirred together at room temperature overnight and the solution then 
cooled to 0°C. [3aS-(3a ,4 ,6 t 6a )] 1,9^ihydro-9-[tetrahydro-^ 
(hydroxymethyl)-2 t 2KJimethy^ 

(2.92g) was added slowly such that the temperature of the reaction mixture was 
25 maintained below 5°C. The mixture was stirred at room temperature for 5h then 
cooled to 0°C and treated with sodium metabisulfite (4.2g). Hydrochloric add 
(5M) was added cautiously to adjust the pH to about 3.5. The solution was 
stored at 4°C overnight and the resultant precipitate collected, washed with 
chilled water and dried in vacuo . The title compound was obtained as a white 
30 solid (1.82g). 

Mass spectrum m/z 321 (MH*) 

Intermediate 43 
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6-Chloio-942^imethvt-6S-(3-^ 
(3aS.6aRVcvcl0Dentaf1 .31dioxol-4R-vn-9H-purine 

(3aS,4S,6R,6aR)-2£-Dimetayl-6^6<>xo^ 
5 [1 r 3Jdioxole-4-carboxylic acid (118mg) in anhydrous chloroform (4.5ml) was 
heated to reflux with dimethylformamide (29 I) and thionyl chloride (108 I) for 
4h. After cooling to room temperature the excess solvent and reagents were 
removed by evaporation and the residue taken up in anhydrous chloroform 
(1.5ml). The mixture was added to a cooled (0°C) solution of 
10 cyclopropylamidoxime (110mg) and pyridine (41 I) in chloroform (2.5ml). The 
mixture was heated to reflux for 24h. After cooling, the mixture was evaporated 
to dryness and the residue purified by flash chromatography on silica gel), 
eluting with ethyl acetate/cydohexane (40:60). On evaporation the titie 
compound was obtained as a colourless gum (56rng). 

15 

Mass spectrum m/z 403 (MH + ) 

» 

Intermediate 44 

(1 R.2S3R.5SV^6-Chloro-Durirh9-vlV5^3-c^opropvt-ri .2.41oxadiazol-&»viy 
20 cvdopentane-1 .2-diot 

6^htoro-9-[2 t 2Klimethyl-^(3-^ 

(3aS,6aR)-cyclopenta[1 t 3]dioxol-4R-y1l-9H-purine (50mg) was treated with cold 
(0°C) trifluoroacetic acid-water (2ml; 9:1). The mixture was stored at 4°C 
overnight and evaporated to dryness. The title compound was obtained as a 
25 colourless gum (60mg). 

Mass spectrum m/z 363 (MH* ) 

Example 32 

30 (1 S.2R.3S.5RV3-(3-cvdopropvH[ 1 .2.41oxadiazol-5-vl y542S-hvdroxv-cvclopent- 
I S Vv1amino-purin-9-vlVcvdopentane-1 .2-diol 



(1 R t 2S,3R f 5S>-3-(6-Chloro-purin-9-yl)-5^3-cydopmpyH1 ,2 f 4fc>xadiazol-5-yl>- 
cydopentane-1 f 2-diol (57mg) in isopropanol (5ml) was treated with trans- 
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(1S,2S)-2-aminocydopentanol hydrochloride (34mg) and diisopropylethylamine 
(85fd) at reflux temperature overnight. The excess solvent was evaporated and 
the residue purified by automated preparative hplc. The title compound was 
obtained as a near colourless glass (15mg). 

5 

LC/MS (System C): Rt = 2.4 min 
Mass spectrum m/z 428 (MH+) 
1 0 Experimental details for route (N) 
Intermediate 45 

94(:toR.4R.6S,6aRy^r34tert^ 

dimethvttetrahvdrofuror3.4^d1f 1 .31dioxol-4-v»-6-(1 H-1 .2.3-benzo triazoM-vloxvy- 
15 9H-purine 

To a solution of (3aS f 4S f 6R,6aR>^(6^loro^urirv^ 
furo[3 f 4-d][1,3]dioxole-4-carboxylic acid (10g) in dimethylfbrmamide (200ml) was 
added 1-hydroxybenzotriazole (3.96g) and H3^imethylaminopropyl)-3-ethyl- 

20 carbodiimide hydrochloride (5.62g). t-Butylacetamidoxime (3.40g) in 
dimethylformamide (30ml) was added and the mixture was stirred at 20°C for 24 
h under nitrogen. The mixture was then heated at 70°C for a further 36 h. The 
resulting mixture was then cooled to 20°C, basified with a saturated solution of 
sodium bicarbonate (200ml) and extracted with ethyl acetate (2x1 50ml). The 

25 organic layers were washed with brine (300ml), dried (MgS0 4 ). evaporated to 
dryness in vacuo and triturated with ether to give a yellow solid (11.08g). 
Purification by chromatography on silica gel, eluting with ethyl acetate : 
cyclohexane (3:7), afforded the title compound (4.75q) as a white solid. 

30 LC/MS (System C): Rt = 3.46 min 
Mass Spectrum m/z 520 [MH*] 

Intermediate 46: 

^(3aR.4R.6S.6aR)^34tert^uM 
35 dimethvftefrahvdrofaror3.4^ir^ 
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To a solution of 9-{(3aR.4R.6S.6aR)-6-[3-(tert-butyl)-1.2,4-oxadiazol-5-yl]-2,2- 
dimemyltetrahydrotoro[3,4<Q[1,3]dioxo^^ 

9H-purine (50mg) in dimethylsulfoxide (0.4ml) was added diisopropylethylamine 
5 (0.1ml) and isobutylamine (0.038ml). The mixture was stirred at 20°C for 16 h 

under nitrogen. The mixture was then evaporated to dryness in vacuo to give a 

residue that was purified by automated preparative HPLC to afford the titje 

compound (14mg) as a white compound. 

LC/MS (system C): Rt = 3.38 
1 0 Mass Spectrum m/z 458 [MH*] 

Example 45 

f2S.3S.4R.5RV2-f3-(tert-butvlV1-2.4-oxadiazol-5-vn-5-r6-fiso butvlaminoV9H- 
purin-9-vf|tetrahvdrofuran-3.4-diol 

15 

A solution of 9-{(3aR.4R,6S,6aR)-6-[3-{tert-butylH,2.^ 
dimethy1tetrahydrofuro[3,4^[13]dioxoW-yl}-NHSobutyi-9H-purirv^amine 

(14mg) in a cold mixture of trifluoroacetic acid : water (9:1 ; 1ml) was kept at 4°C 

for 18 h. The resulting solution was basified in an ice bath with saturated 

20 aqueous sodium bicarbonate (20ml), extracted with ethyl acetate (2x20ml), the 

extracts dried (MgS0 4 ) and evaporated to dryness in vacuo to afford the titje 

compound (7.66mg) as a white solid. 

LC/MS (System C):Rt = 2.85 min 
25 Mass Spectrum m/z 41 8 [MH 4 ] 



Experimental details for route (O) 

30 Intermediate 47: 

94(3aR.4R.re.6aRV6-T3-(tert4)uMMl 
dimethvttetrahvdrotorol3.4^iri.31dtoxo^ 



amine 
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9^(3aR.4R,6S f 6aR)^3^tert-butyl)-1,2^^ 

dimethyltetrahydrofuro[3,4-dl[1 ,3]dioxol-*-yl}-6-(1 H-1 ,2,3-benzotriazoM -yloxy)- 
9H-purine (50mg) was dissolved in 2,4-drfiuoroaniline (0.4ml) and the mixture 
heated at 80°C for 96 h. The mixture was then cooled to 20°C and partitioned 
5 between dichloromethane (25ml) and 1 M hydrochloric acid (15 ml). The 
separated aqueous phase was further extracted with dichloromethane (1x25 ml) 
and the combined organic extracts were evaporated to dryness in vacuo. 
Purification by automated preparative HPLC afforded the title compound (18.3 
mg) as a dark purple gum. 

10 

LC/MS (System C): R t = 2.85 min 
Mass Spectrum m/?418 [Mhf] 

Example 49 

15 f2S.3S > 4R3RV243^tert^uMV1.2.4^^ 
9H-purin>9-vlTtetra h yd rofu ran-3 .4-d iol 

A solution of 9^(3aR.4R,6S,6aR)-6^te^^^ 
dimethyftetrahydrofuro[3 f 4^ 
20 amine (18.3 mg) in a cold mixture of trifluoroacetic acid : water (9:1; 1ml) was 
kept at 4°C for 18 h. The resulting solution was basified in an ice bath with a 
saturated solution of sodium bicarbonate (20ml), extracted with ethyl acetate 
(2x20ml), the extracts dried (MgS0 4 ) and evaporated to dryness in vacuo to 
afford the title compound ( 14.3mg) as a purple solid. 

25 

LC/MS (System C): Rt = 3.03 min 
Mass Spectrum m/z 474 [MH 4 ] 



30 Experimental details for route (P) 
Intermediate 48: 

(3aR.4S.6R.6aRV^6^loro-9BH)urirv^^ 
dimethvftetrahvdrofuror3.4-d1f 1 .31dioxole-4-carboxamide 



35 
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Thionyl chloride (4.3ml) was added to a stirred solution of (3aS,4S,6R,6aR)-6- 
(B^loro^urirvS-yl)^^! 

acid (10.0g), in chloroform (100ml). The mixture was heated at reflux 
temperature under nitrogen for 60 min. After cooling to 20°C the solvent was 
5 removed in vacuo and the residue azeotroped with toluene (2x50ml). A 
suspension of the residue in chloroform (50ml) was added dropwise at an equal 
rate with a solution of 1-amino-2-propanol (2.3ml) and diisopropylethylamine 
(5.1ml) in chloroform (50ml) over 10 min to chloroform (50ml) at 0°C. The 
mixture was stirred at 20"C for 18 hours. Phosphate buffer (pH 6.5, 100ml) was 
10 added and the phases separated. The aqueous phase was extracted with 
chloroform (50ml). The combined chloroform layers were dried with sodium 
sulphate and the solvent removed in vacuo to give the title compound as a white 
foam (6.63g). 

1 5 Mass spectrum mfz 398 [MH 4 ] 

Intermediate 49: 

(3aR.4S.6R.6aRy6-(6K*loro-9H^ 
oxopropy»)tetrahvdrofurDf3.4-diri .31dioxole~4-carboxamide 

20 

To a mixture of (3aR.4S,6R,6aR)^6K*toro-9H^rin-^ 
2 t 2-dimethyltetrahydrofuro[3,4-d][1 f 3]dtoxole-4-carboxamide (6.60g) and 
powdered 4A molecular sieves (10g) in dichloromethane (165m!) at 0°C f was 
added acetic acid (3.0ml) followed by the portionwise addition of pyridinium 

25 dichromate (9.36g). The mixture was stirred at 0°C for 15 min and then at 20°C 
for 2 hours. Isopropanol (10ml) was added and the mixture stirred for 15min. 
Silica gel (Merck 9385, 9.9g) and ethyl acetate (165ml) were added and the 
reaction stirred for a further 15 min. The mixture was filtered through celite and 
the filter cake washed with ethyl acetate (300ml). The filtrate was evaporated in 

30 vacuo to give a brown solid. Purification by flash chromatography on silica gel, 
eluting with dichbromethanermethanol (100:3) gave a light brown foam. Further 
purification by chromatography on silica gel (Merck 9385), eluting with ethyl 
acetate followed by ethyl acetateimethanol (100:2) gave the title compound as a 
white foam (4.6g). 

35 TLC SiO z (ethyl acetate:methanol 100:20) Ri = 0.4 
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Experimental details for route (Q) 

Intermediate SO: 
5 (3aR.4S.6R.6aRVW24ivdroxv^^ 
din .31dioxote-4-cart)oxamide 

To a solution of furo[3,4-dJ-1,3-dioxole-p-D ribofuranose acid (5.0g) in 
dichloromethane (50ml) was added carbonyt diimidazole (4.83g), the mixture 

10 was stirred for 20min at 20°C and 1-amino-2-butanol (2.45g) was added and the 
mixture was stirred, under nitrogen, at 20°C for 18 h. The mixture was diluted 
with ether (50ml) and washed with saturated citric acid solution (100ml) and 
saturated aqueous sodium bicarbonate (100ml). The layers were separated and 
the organic layers concentrated in vacuo: the resulting residue was purified by 

15 flash column chromatography on silica gel, eluting with 1:1 ethyl 
acetate:cydohexane, to give the title compound as a clear gum (3.81 g). 

Mass Spectrum m/z290 [MHf 

20 Intermediate 51: 

(3aR.4S.6R.6aRy^methoxv^2.2^imefo 
dill .31dioxole-4-carboxamide 

To a solution of (3aR,4S,6R,6aR>^^2-hydroxybutyl)-6-methoxy-2 t 2- 
25 dimethyKetrahydrofuro[3,4HJ]^^ (3.81 g) in anhydrous 

dichloromethane (115ml), containing powdered 4A molecular sieves (5.7g) at 
0°C, under nitrogen, were added acetic acid (2.59ml) and potassium dichromate 
(7.93g), portionwise. The reaction mixture was stirred at 0°C for 15min and at 
20°C for a further 2h. The mixture was quenched with isopropanol (40ml) and 
30 stirred for 30min, silica gel (Merck 9385) (40g) and ethyl acetate (100ml) were 
added, and the mixture was stirred for a further 30min. This mixture was filtered 
through 'harborlite 0 * filter aid and the filtrate concentrated in vacuo to give a 
crude product which was purified by flash column chromatography on silica gel, 
eluting with 2:1 ethyl acetate:cycfohexane to give the title compound (1 .91g) 

35 
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*H nmr 6 7.405(1H, br t, -NH), 5.125(1H f br s, CH), 5.095(1H, dd, CH), 
4.655(1H, br s, CH), 4.565(1H, d, CH), 4.155(2H, m, Chfe), 3.555(3H ( s, OMe), 
2.505(2H. q, Chfe), 1.505(3H, s, -Me), 1.355(3H, s, -Me), 1.105(3H, t ( -Chfo) 

5 Intermediate 52: 

24f3aR.4S.6R.6aRV6-metto^ 
vll-5-ethvH .3-oxazole 

To a solution of (3aR,4S,6R,6aR>^Hfnethoxy-2,2-dimethyl-N-(2- 
1 0 oxobutyl)tetrahydrofuro[3,4-dl[1 ,3]dioxole-4-carboxamide (740mg) in dry toluene 
(10ml), under nitrogen was added phosphorous oxychloride (1.44ml) and the 
mixture was heated under reflux for 3.5h. The reaction mixture was cooled to 
0°C, quenched with saturated aqueous sodium bicarbonate (30mls), stined 
vigorously for 30min and extracted with ethyl acetate (4x50ml); the organic 
15 layers were combined, washed with brine (30ml), dried (MgS0 4 ) and 
concentrated in vacuo to give a crude product, which was purified by flash 
column chromatography on silica gel, eluting with a mixture of 5:1 to 7:2 
cyclohexane:ethyf acetate, to give the title compound as a yellow oil (0.83g). 

20 Mass Spectrum m/z 270 [MH*] 

Intermediate 53: 

(2S.3R.4R.5SV2.4-bisfecetvloxv^^ 
acetate 

25 

To 2^(3aR,4S,6R,6aR)-6-metho^ ,3]dk>xol- 
4-yl)-5-ethyM, 3-oxazole (0.83g) was added 9:1 trifluoroacetic acidnwater 
(3.56ml), and the mixture was stirred at 20°C for 3.5 hours. The solvents were 
removed in vacuo to give an orange/brown oil. This material was dissolved in 

30 pyridine (7ml), under nitrogen, acetic anhydride (2.76ml) was added and the 
mixture was stirred at 22°C for 18h. The mixture was concentrated in vacuo. 
diluted with ethyl acetate (50ml) and washed with 1M HCI (50ml), saturated 
aqueous sodium bicarbonate (3x50ml) and brine (50ml); the organic layer was 
dried (MgS0 4 ) and the solvent evaporated to dryness to furnish the tffle 

35 compound as a brown/orange oil (0.854g) 
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Mass Spectrum mlz 342 [Mtt] 

Intermediate 54: 

5 {2R.3R.4R.5SV44acetvloxvl2-(6-cM^ 
ylttetrahvdrofuran-3-vl acetate 

To &-chloropurine (0.854g) vyas added 1 f 1.1 f 3 t 3,3-hexamethyldisilazane (4ml) 
and toluene (15ml) and the mixture was heated under reflux for 2h. The solvent 

10 was removed in vacuo, the residue azeotroped with toluene (1x8ml) and the 
mixture evaporated to dryness. To this residue was added (2S,3R,4R,5S}-2,4- 
bis(ac»tyloxy)-5-(5^thyM f 3^ acetate (0.854g) in 

acetonitrile (20ml), trimethylsilyl triflate (0.624ml) and 1,8- 
diazabicyclo[5.4.0]undec-7-ene (0.374ml). The reaction mixture was stirred at 

15 20°C for 18h and at 80°C for 3h and then allowed to cool. The mixture was 
poured into saturated aqueous bicarbonate (40ml) and extracted with 
dichloromethane (4x40ml); the organic layers were combined, dried (MgS0 4 ) 
and the solvent removed in vacuo to give a crude product which was purified by 
flash chromatography on silica gel, eluting with 4:1 then 3:2 cyctohexanerethyl 

20 acetate, to furnish the title compound as a clear gum (355mg). 

Mass Spectrum mlz 436 [Mkf] 

25 Example 84 

24(94f 2R.3R.4S.5S 15-f 5-ethvM ,Soxa2ol-2-vlV3.4^hvdroxvtetr a hvdrofurarv2- 
vlV9H-Purin-6-vt)aminoVN.N-dimethvlethanesulfonamide 

To a solution of (2R,3R,4R,5S)^acetyloxy)-2-(6^ 
30 ethyH,3-oxazol-2-yi)tetrahydrofuran-3-yl acetate (50mg) in isopropanol (5ml), 
N.N-diisopropylethylamine (0.120ml) and N,N-dimethyl-2- 

aminoethanesulphonamide hydrochloride (86mg) were added. The mixture was 
stirred at reflux temperature, under nitrogen, for 48h and then cooled. A 
methanol/ammonia solution (4ml) was added, the mixture was shaken and left 
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to stand for 24h. The solvent was evaporated and the the resulting residue 
purified by automated preparative HPLC to give the title product (8.6mg). 

Mass Spectrum mfz 468 [MH*| 

5 

Experimental details for route (R) 
intermediate 55: 

10 l^9^(3aR.4R.6S.6aRV2.2Klimethvl^3-methv»-1.2 > 4<»xadiazol^ 
vmetrahvdrofuror3.4-diri.31dioxol^v^ 

A mixture of (3aS f 4S.6R,6aR)^6-^lopentylamino-purin-9-yl)-2»2-dimethyl- 
tetrahydro-furo[3 t 4-d][1 ,3]dioxole-4-carboxylic acid (0.2g), 2-ethoxy-1- 

15 ethoxycaifconyM,2-dihydroquinoline (146mg), acetaldoxime (76mg) and 
dimethoxyethane (DME, 25ml) was heated under reflux for 4 days and then 
cooled to 22°C. The mixture was concentrated in vacuo and ethyl acetate 
(40ml) added to the residue. The resulting suspension was washed with 0.5M 
citric acid solution (3x20ml) and the aqueous washings were extracted with ethyl 

20 acetate (2x20ml). The combined organic extracts were washed with water 
(20ml) and brine (30ml) and dried (MgS0 4 ). After concentration in vacuo the 
residue was purified by chromatography on silica gel, eluting with ethyl 
acetate:cyclohexane (1:1), to give the title compound ( 63mq). 

25 NMR (CDCI 3 ) 5 8.03 (1H,br.s..heterocydic CH); 7.84 (IH.s.heterocydic CH); 
6.29 (1H,br.s ) CH); 5.84 (1H.dd.CH); 5.64 (1H f d,CH); 5.48 (IH.d.CH); 4.56 
Qiibr.s.CH); 2.19 (3H.s.Me); 1.85-1.5 (9H,m + s, 6x 1/2CH 2 ♦ Me); 1.45 
(3H.s.Me): 1.25-0.85 (2H,m.2x 1/2CH 2 ). 

30 Example 39 

(2R.3R t 4S.5SV2-f6-(<^openMamm^ 
oxadiazol-5-vl)tetrahvdrofuran-3.4-diol 



A mixture of lNH9-[(3aR f 4R # 6S,6aR}-2,2-dinr^ 
35 yl)tetrahydrofuro[3,4-dl[1 ^Jdtoxol^ylJ-gH-purin-e-yll-N-cyclopentylamine 
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(63mg), trifluoroacetic acid (1ml) and water (0.1ml) was stirred at 0° for 6h and 
then diluted with ethyl acetate (20ml). The mixture was neutralised with sodium 
bicarbonate solution and the aqueous phase was extracted with ethyl acetate 
(2x10ml). The combined organic extracts were washed with water (8ml) and 
5 brine (10ml) and dried (MgS0 4 ). After concentration in vacuo the residue was 
purified by flahs column chromatography on silica gel, eluting with ethyl 
acetate:methanol (19:1) to give the tit le compound as a white foam (42mg). 

TLC Si02 (ethyl acetatermethanol 19:1) R# 0.30 
10 NMR (DMSO) 5 8.43 (1H.S.CH); 8.20 (IH.br.s.CH); 7.79 (1H,br.d,NH); 6.45 (2H, 
v.br.s ,2x OH); 6.16 QH.d.CH); 5.24 (1H.d.CH); 4.89 QH,t,CH); 4.73 QH,t,CH); 
4.58 (]H,br.m,CH); 2.42 (3H,s,Me); 2.10-1.50 (8H,m,4xCH 2 ) 

Experimental details for route (S) 

15 

Intermediate 56: 

14(3aR.4Rm6aRV6HTiethox^ 

vflpent-1-vn-3-ol 

20 A solution of 4R-ethynyl-6R-methoxy-2 t 2-dimethyl-tetrahydro-(3aR > 6aR>- 
furo[3,4-d][1,3]dioxole (1.5g) in tetrahydrofuran (20ml) was cooled to -78°C for 
15 minutes under nitrogen. A solution of propionaldehyde (1.09ml) in 
tetrahydrofuran (0.5ml) was added via syringe and stirring continued for 5h. 
The mixture was allowed to warm to 22°C and stirred for a further 16h. The 

25 solvents were removed in vacuo and the resultant orange oil partitioned 
between ether and aqueous ammonium chloride. The organic layers were 
washed with further aqueous ammonium chloride, dried (MgS0 4 ). and 
concentrated in vacuo to afford a yellow oil. Purification by chromatography on 
silica gel (Varian Bondelut cartridge), eluting with (i) cyclohexane, (ii) 

30 dichloromethane, (iii) ether, (iv) ethyl acetate afforded the title compound as a 
colourless oil (1.33g). 

TLC SiCb (ethercyclohexane 1:1) R f = 0.39 
Intermediate 57: 
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1 4(3aR.4R.6R.6aR)^-metto^ .31dioxoU- 
vllpent-1-vn-3-one 

A solution of 1-[{3aR,4R,6R,6aR)-6^ethox^^ 
5 cq[1,3]dioxol-4-yl]pent-1-yn-3-ol (1.3g) in dichloromethane (100ml) was added to 
a stirred suspension of manganese dioxide (60g) in dichloromethane at O^C. 
The mixture was stirred at 0°C for 3h, filtered through magnesium sulphate 
(50g) and the solvent removed in vacuo to give the title compound as a 
colourless oil (550mg). 

10 

NMR 6 (CDCI 3 ) 5.07 QH f s,CH); 4.97 (IH.d.CH); 4.93 (1H,s,CH); 4.68 
QH.d.CH); 3.41 (3H,s t OMe); 2.58 (2H,q,CH 2 ); 1.47 (3H,s,Me); 1.31 (3H,s,Me); 
1.14(3H.t.Me). 

15 Intermediate 58: 

14f3aR.4R.6R.6aRV6-methoxv-2.2<limeM 
vf|pentane-13-dione 1-oxime 

A mixture of 1-l(3aR,4R t 6R f 6aR)-6HMethox^ 

20 d][1 , 3]dioxol-4-yl]pent-1 -yn-3-one (550mg) and hydroxylamine (50% solution in 
water) (0.2ml) in ethanol (10ml) was stirred overnight at 22°C. The mixture was 
concentrated in vacuo to afford the title compound as a yellow oil (554mg). 
NMR 8 (CDCb) 5.36, 5.31 (1H,2x d t CH); 5.00 (1H,d,CH); 4.92 (lH,d,CH); 4.65 
QH,2x d,CH); 3.40, 3.35 (3H,2x s,OMe); 3.03-2.85 (2H,2x AB,CH 2 ); 1-92 

25 (2H,m,CH 2 ); 1 .50, 1 .34 (6H,2x s,2x Me); 1 .03 (3H,2x t, Me). 

Intermediate 59: 

(3R.4S.5RV5-(5^thvlisoxazol-3-vl^^ 

30 H(3aR,4R,6R.6aR)^methoxy-2,2^ime^ 

yl]pentane-1 t 3-dione 1-oxime (0.5g) was dissolved in aqueous acetic acid 
(18mg) and the mixture heated at 100°C for 2h. The solution was coded and 
concentrated in vacuo to afford a brown oil which was azeotroped with toluene. 
Purification by chromatography on silica gel (Varian Bondelut silica gel 
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cartridge), eluting with (i) dichloromethane, (ii) ether, (iii) ethyl acetate, (iv) 
methanol, gave the title compound (1 50mg). 

TLC SiOz (ether) R f = 0.17 

5 

Intermediate 60: 

(2R.3R.4RM.&-bis(areMoxvV2-(^ 
acetate 

10 (3R,4S,5R^5K5^thylisoxazo^^ isomer 1 (150mg) 

was dissolved in pyridine (4ml) and the mixture treated with acetic anhydride 
(0.983ml). The resulting solution was stirred at 22°C for 18h. The mixture was 
concentrated in vacuo to afford a brown oil. Purification by chromatography on 
silica gel (Varian Bondelut Si02 cartridge), eluting with (i) dichloromethane, (ii) 

15 ether (iii) ethyl acetate, afforded the title compound as a pale yellow solid 
(142mg). 

TLCSiOz (ether) R, = 0.53 

20 intermediate 61: 

(2R.3R.4R.5RV4^areMoxvV2-(2^ 
yiytetrahvdrofuran-3-vl acetate 

(2R,3R,4RM.5-bis(acetyfoxyV2^5^thy^ 

25 acetate isomer 1 (193mg) was dissolved in acetonrtrile (5ml) and treated 
sequentially with 2,6-dichloropurine (213mg), I.S-diazabicyctotS^.Olundec^y- 
ene (DBU) (0.186ml) and trimethylsilyl trifluoromethanesulphonate (TMSOTf) 
(0.225ml) via a syringe over 5 min. The clear yellow solution was stirred at 22°C 
for 40h, at 60°C for 21 h, and at 80°C for 6h. The mixture was cooled to room 

30 temperature and more DBU (0.186ml) and TMSOTf (0.225ml) were added. 
After stirring at 22°C for 36h the yellow mixture was heated at 60°C overnight 
and at 80°C for 6h. The solvents were removed in vacuo and the resultant 
brown oily solid taken up in ethyl acetate and washed with water (20ml, 3:1). 
The aqueous layer was extracted with ethyl acetate and the combined organic 

35 layers dried (MgS0 4 ) and evaporated in vacuo to afford a brown oily solid. The 
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residue was triturated with dichloromethane and a white solid removed by 
filtration. Evaporation of the filtrate afforded a tan solid. Purification by flash 
chromatography on silica gel eluting with ethercyclohexane (1:1) afforded the 
title compound as a white solid (161 mg). 
5 LC/MS (System C) R t = 3.34min. 

Mass spectrum mtz 470, 472 [MH 4 ], [MH+2*] 

Intermediate 62: 

(2R.3R4R3R)^acetvloxvl242^lorp^ 
10 5-(5-ethvlisoxazol-3-vl)tetrahvdrofuran-3-vi acetate 

(2R,3R,4R,5RH^acetyloxy)-2^2,6<lich)or^^ 

yl)tetrahydrofurarv3-yl acetate (125mg) was dissolved in isopropanol (5ml) and 
the solution was treated with diisopropylethylamine (0.06ml) followed by 1- 

15 ethylpropylamine (0.044ml). The mixture was heated at 50°C under nitrogen for 
16h. The solvent was removed in vacuo and the mixture partitioned between 
ethyl acetate and 1M hydrochloric acid. The organic layers were washed with 
saturated sodium bicarbonate solution and brine, dried (MgS0 4 ) and evaporated 
in vacuo. Purification by chromatography on silica gel (Varian Bondelut 

20 cartridge), eluting with (I) dichloromethane, (ii) ether and (iii) ethyl acetate, gave 
the title compound as a colourless oil (108mg). 
TLC Si02 (ether) R f = 0.26. 

Example 163 

25 (2R.3R.4S.5RV242^htorc>^rM^tt^ 

ethvlisoxazot-3-vl)tetrahvdrofuran-3.4-diol formate 

A mixture of (2R,3R,4R,5R)^(acetyloxy)-2^2^hlorx>^[(1-ethylpropyl)amino]- 

9H-purin-9-yl}-5-(5^thylisoxaz»l-3-yl)tetrahydiX)furan-3-yl acetate (30mg) and 2- 
30 morpholinoethylamine (0.037ml) was heated at 90°C for 24h in 

dimethylsulphoxide (0.5ml). Heating was continued for 60h at 90°C. 

Purification by preparative HPLC (gradient profile 5-95% (ii) over 18.25min) 

gave the title compound as a white solid (6mg). 

LC/MS (System C) R, = 3.41 min. 
35 Mass Spectrum m/z 437 [Mhf] 
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Experimental details for route (T) 

5 Intermediate 63: 

94(3aR.4R.6S.6aRV^f54tert-butvll1.3.^^ 

dimethvltetrahvdrofuror3>MirO^ 

purin-6-amine 

10 9^6S-(5-tert-ButyH1,3.4]o^ 

furo[3 f 4-d][1.3]dioxol-4R-yl]-6-chloro-9H-purine (2.8g) was treated with 4-chloro- 
2-fluoro-aniline (4.48ml). palladium acetate (146mg) and (R>-2,Z- 
bis(diphenytphosphinoyi,1'-binaphthyl (620mg) in dry toluene (34ml) and the 
mixture stirred at room temperature for 5 mins (reaction carried out in seven 

15 portions). Caesium carbonate (3.08g, in seven portions) was added, and the 
mixtures heated at 86-96° C for 16h. The mixtures were combined and 
partitioned between water (200ml) and dichloromethane (3x1 20ml). The 
organic layers were washed with brine, dried (MgS0 4 ) and evaporated in vacuo 
to give a brown oil (8.7g). Purification by chromatography on silica gel, eluting 

20 with ethyl acetate:cyclohexane 30:70 gave an off-white solid (2.35g). 

LC/MS (System C) R* = 3.41 min 
Mass Spectrum mfz 530 [MH*] 

25 

Example 14 

f2S.3S.4R.5RV2-(54ert-Butvt-ri,3^ 
phenvlaminoVpurin'9-vn-tetrahvdro-furan-3 t 4-diol 

30 9-{(3aR,4R,6S,6aR^6-C5-(tert-butyl)-1 ,3.4-oxadiazol-2-yl}-2,2- 
dimethyttetrahydrofuro[3,4-d][^ 

purin-6-amine (2.35g) was dissolved in trifluoroacetic acid (20ml) and water 
(2ml) with ice bath cooling, and the mixture allowed to stand at 4°C for 17h. The 
mixture was poured slowly into ice cold saturated aqueous sodium bicarbonate 
35 (400ml) and extracted with ethyl acetate (3x200ml). The organic layers were 
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washed with brine, dried (MgS0 4 ) and evaporated in vacuo to give the title 
compound as a buff solid (2.30g). 
LC/MS (System C) R t = 3.04 min. 
Mass Spectrum mfz 490 [MH*] 

5 



Experimental details for route (U) 

10 Intermediate 64: 

9-f6S45-tert-Butvm.3.41oxad^ 
furof3 t 4^iri31dioxol-4R-vn'6-<^i]oro-9H-purine 

1 -Deoxy-1 -(1 ,6<iihydro^xo~9Hi>urin-9-yl)-2 f 3,<M1 -methylethylidene)-0-D- 
15 ribofuranonic acid 1 (0.4g) was dissolved in tetrahydrofuran (10ml), 
diisopropytethylamine (0.075ml) was added and the reaction mixture was stirred 
at 0°C for 10min. Pivaloyl chloride (0.016ml) was then added to the mixture and 
the reaction was stirred at 0°C for 3h. t-Butylhydrazide trifluoroacetate (0.36g) 
was dissolved in tetrahydrofuran, cooled to 0°C and treated with 
20 diisopropytethylamine (0.24ml); this solution was then added to the reaction 
mixture. The reaction was allowed to warm up to 20°C and stirred for 20h. The 
solvent was removed in vacuo and the resulting residue purified by flash 
chromatography (silica gel, eluting with 5% methanol in dichloromethane) to 
afford the corresponding diacylhydrazide (0.4 1g). 
25 The diacylhydrazide intermediate (30mg) was dissolved in dimethylformamide 
(3ml) and cooled to 0°C. Phosphorus oxychloride (45mg) was added, and the 
reaction mixture stirred at room temperature for 18h, and at 90°C for 2h. The 
solvent was removed in vacuo, and the resulting residue, was purified by 
automated preparative HPLC to afford the title compound (20mg). 

30 

1 R.A. Olsson et al. J. Med. Chem., 1986, 29, 1683 



35 



Experimental details for Route (V) 



WO 99/67262 



PCT/EP99/041M 



124 



Intermediate 65: 

(2R.3R.4R.5SM^acetvtoxvV54^ 
9HH)urin-9-vtKetrahvdrofuran-3-vl acetate 

5 

To 6-chloropurine (1.08g) was added 1,1,1,3,3,3^examethyldisflazane (20ml) 
and the mixture heated at 100°C. under nitrogen for 2.5h. The reaction was 
allowed to cool, the solvent was removed in vacuo, the residue azeotroped with 
anhydrous toluene (2x2.5ml) and the mixture evaporated to dryness to give an 

10 off-white solid. To this solid was added acetic acid 4R-acetoxy-2S-(3- 
acetoxymethyl-isoxazol-5-yl>-5R-methoxy-tetrahydro-furan-3R-yl ester (450mg) 
in anhydrous acetonitrile (15ml) under nitrogen, the mixture was cooled to 0°C 
and trimethylsilyl trifluoromethanesulphonate (1.4ml) added. The mixture was 
allowed to warm up to 20°C over 20min, then heated to 80°C for 16h. After 

15 cooling, the mixture was poured into saturated aqueous sodium bicarbonate 
(40ml) and extracted with ethyl acetate (3x70ml); the organic layers were 
combined, washed with brine (50ml), dried (MgS0 4 ) and concentrated to 
dryness to give a crude porduct which was purified by flash column 
chromatography on silica gel, eluting with 1:1 ethyl acetate:cyclohexane to 

20 furnish the title compound as a clear oil (31 Omg). 

LC/MS (System C) R t = 2.76min 

Mass Spectrum mfz 480/482 [MH*y [MH+2*] 

25 Example 155 

(2R.3R.4S.5Sy2^64IMS.2SV2^vdroxv^ 
(hvdroxvmethvi)isoxazol-5-vntetrahvdrofuran-3.4Kliol 

To a solution of (2R,3R,4R,5S>4-(acetyloxy)-5^3-[(aretyloxy)methyl]isoxa20l-5- 
30 yl}-2-(6K:hloro-9H-purin-9-yl)tetrahydrofuran-3-yl acetate (20mg) in isopropyl 
alcohol (2ml) was added N,N-diisopropytethylamine (0.043ml) and 2- 
hydroxycyclopentylamine hydrochloride (11.4mg). The mixture was stirred at 
50°C, under nitrogen for 18h, cooled and evaporated to dryness in vacuo. The 
resulting residue was purified by automated preparative HPLC (gradient profile 
35 5%-90% (ii) over 20min) to give the intermediate triacetoxy protected product. 
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To this residue was added methanol (1ml) and t-butytamine (0.013ml) and the 
mixture was stirred at 0°C for 3 hours. The solvent evaporated in vacuo to yield 
title compound as a white solid (5mg). 

5 LC/MS (System C)R t = 2.25min 
Mass Spectrum m/z 419 [MH 4 ) 

Experimental Details for route (W) 

10 Intermediate 66: 

f2R.3R.4R3R)^(a<^tvloxvV2^thvnvl"5-methoxvtetrahvdrofuran-3'Vl acetate 



15 

4R-EthynyWR^ethoxy-2,2^imethyMeta^ 

d][1,3]dioxole (0.965g) was heated under reflux with cone, hydrochloric acid 
(1.0ml) in methanol (30ml) for 6h. The methanol was evaporated in vacuo, 
more methanol added, and heating under reflux continued for 16h. Pyridine 

20 (1 .6ml) was added, the methanol was evaporated in vacuo, more methanol was 
added, and the mixture was evaporated to dryness in vacuo. Dry toluene (10ml) 
was added and the mixture again evaporated to dryness. The residue was 
dissolved in dry dichloromethane and treated with pyridine (1.6ml), 4- 
dimethylaminopyridine (25mg), and acetic anhydride (1 .37ml), and the mixture 

25 was stirred at 22°C under nitrogen for 18h. The mixture was evaporated to 
dryness in vacuo and the residue partitioned between saturated aqueous citric 
acid (100ml) and dichloromethane (2x75ml). The organic layers were washed 
with saturated aqueous sodium bicarbonate, dried (MgS0 4 ) and evaporated in 
vacuo to give a pale yellow oil (1 .19g). 

30 Purification by chromatography on silica gel (10g Varian Bondelut cartridge), 
eluting with ethyl acetate: cydohexane 5:95-30:70) gave the title compound as a 
colourless oil (724mg). 

TLC SiCb (Ethyl acetatercyclohexane 25:75) R f = 0.3 
35 Intermediate 67: 
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r2R.3R.4R.5RV4^aceWloxvV2-(6^lorD-9H-purin^vlV5- 
ethvnvttetrahvdrofurarv3-vl acetate 

6-Chloropurine (250mg) was heated at 130° (oil bath) with hexamethyldisilazane 
5 (6ml) with stirring under nitrogen for 2h. The excess reagent was evaporated in 
vacuo and the residue azeotroped with dry toluene (3x5ml) to give a pale yellow 
solid. (2R^R,4R,5R)^acetyioxy)-2^th^ 

acetate (121 mg) was azeotroped with dry toluene (2x5ml), dissolved in dry 
acetonitrile, and added to the silylated purine, followed by trimethylsilyl 

10 trifluoromethanesulphonate (0.334ml). The mixture was heated at 73-74° for 
2h. The mixture was poured into saturated aqueous sodium bicarbonate and 
extracted with ethyl acetate (3x60ml). The organic layers were washed with 
brine, dried (MgS0 4 ) and evaporated in vacuo to give a yellow oil (203mg). 
Purification by chromatography on silica gel (Vfarian Bondelut cartridge), eluting 

15 with ethyl acetatercyclohexane 10:90-60:40, gave the title compound as a 
colourless gum (84mg). 

TLC Si02 (Ethyl acetate:cyclohexane 50:50) R f = 0.25 
Intermediate 68: 

20 ( 2R.3R.4R.5RM4aceMoxvV2-f6-M H-1 .2.3-benzotriazoM -vtoxvV9H- Purir>-9-vll- 
5-ethvnvttetrahvdrofuran-3-yl acetate 

(2R,3R,4R,5RWacetyloxy^6<M^ 

ethynyltetrahydrofuran-3-yl acetate (104mg) was treated with 1- 
25 hydroxybenzotriazole (136mg) in dry DMF (3ml) for 45h at 22°C. The mixture 
was poured into ice cooled 1M hydrochloric add (50ml) and extracted with 
dichloromethane (3x25ml); the organic layers were washed with water (20ml) 
and saturated aqueous sodium bicarbonate (20ml), dried (MgS0 4 ) and 
evaporated in vacuo to give a colourless gum (148mg). 

30 

LC/MS (System C): R x 3.19 min. 
Mass Spectrum m/z 464 [MH*] 

Intermediate 69: 
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f2R.3R.4R.5RM^acetvtow 
ethynvttetrahvdrofuran-3-vl acetate 

(2R # 3R,4R t 5RH-(acetyloxy)-2-l6-(1 1+1 ,2,3-benzotriazoM -yloxy>-9H-purin-9-yl]- 
5 5-ethynyltetrahydrofurai>3-yt acetate was treated with 2-fluoro4-chloroaniline 
(0.63ml), and the mixture was heated at 60°C for 22.5h. The mixture was 
purified by chromatography on silica gel (Varian Bondelut cartridge), eluting with 
ethyl acetate:cydohexane 10:90-60:40, to give the title compound (55mg). 

10 TLC SiOa (Ethyl acetate:cyclohexane 50:50) R f = 0.3 

Intermediate 70: 

f2R.3R.4R.5SV4^areMoxvV5^3-brom 
fluoroanilinoV9H-purin-9-vntetrahvdrofuran"3-vl acetate 

15 

(2R,3R,4R,5R>4^aretyloxy)-2^ 

ethynyttetrahydrofuran-3-yl acetate (20mg) was stirred at 22°C with 
dibromoformaldoxime (12.5mg), sodium bicarbonate (39mg), water (0.075ml) 
and ethyl acetate (1.5ml) for 88h. The mixture was partitioned between water 
20 (20ml) and ethyl acetate (3x10ml), the organic layers were washed with brine 
and evaporated in vacuo to give a brown gum (19mg). Purification by 
chromatography on silica gel (Varian Bondelut cartridge), eluting with ethyl 
acetate:cyclohexane 20:80-80:20) gave the title compound as a colourless gum 
(16.8mg). 

25 LC/MS (System C) R t = 3.6min 

Mass Spectrum mfz 595, 597 [MH 4 ), [MH+2 4 ] 

Example 164 

(2S.3S.4R3RV2-(3-bromoisoxazol-5^ 
30 9-vntetrahvdrofuran-3.4-diol 

(2R,3R,4R,5S)^acetyloxy)-5434>romoi^ 

fluoroanilinoV9H-purin-9-yl]tetrahydrofuran-3-yl acetate (16.8mg) was treated 
with t-butylamine (0.08ml) in methanol (0.8ml) at 0°C for 1.5h, and the mixture 
35 was evaporated to dryness to give the title compound (1 6mg). 
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LC/MS (System C) Rt = 3.22min 
Mass Spectrum mfz 51 1 [MhT] 

5 Experimental details for route (Wb) 

Example 144 

(2R.3R.4S.5SV-24644^loro-2-fluoroanilinoy9^^ 
5-v)Ketrahvdrofuran-3.4-diol 

10 

(2R f 3R f 4R,5RHHacetyloxy>-2-(6K:hlorc>-9H-purin-9-yl)-5- 
ethynyttetrahydrofuran-3-yl acetate (20mg) was dissolved in anhydrous toluene 
(0.5ml) and treated with triethylamine (0.006ml), nitroethane (0.004ml) and 
phenyl isocyanate (0.012ml). The reaction was heated at 100°C for 24h, cooled 
15 to room temperature and concentrated in vacuo. The resulting residue was 

purified by automated preparative HPLC, to produce an intermediate which was 
then dissolved in anhydrous methanol, cooled to 0°C and treated with t- 
butylamine (0.02ml) for 1h. The reaction mixture was concentrated in vacuo, to 
afford the title compound as a white solid (143mg). 

20 

LC/MS (system C) R* = 2.95min 
Mass Spectrum m/i 447 [MHT] 

Experimental details for route (X) 

25 

Example 130 

f2R.3R.4S.5RV2-f6^cvclopentvlaminoV9H-purin-9-vl1-5-f 1 .5-dimethvM H-1 2A- 
triazol^vDtetrahvdrofuran-S^iol trifluoroacetate 

30 {9#,2^imethyl^R-(5^ethyWH^ 

furol3,4^][1,3]dioxoMR-yO-9l+^urin^yl}-cydoprop (250mg) was 

dissolved in anhydrous toluene (10ml) and treated with dimethytformamkJe 
dimethyl acetal (0.47ml). The mixture was heated at reflux temperature for 7h. 
and then, cooled to 20°C and concentrated in vacuo. The resulting residue was 

35 purified by flash chromatography on silica gel, eluting with ethyl acetate: 
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methanol 19:1. The resulting intermediate was treated with a mixture of 
trifluoroacetic acid /water (9:1) at 0°C for 6h. The reaction mixture was then 
concentrated in vacuo, to afford, after trituration with ethyl acetate, the title 
compound as a white solid (143mg). 

5 

Analysis: Found (%): C 44.4; H 4.8; N 20.4 

Required for C ie H24N803.CF3C0 2 H.1.5 H 2 0: C 44.4; H 5.2; N 20.7 



10 Experimental details for route (Z) 

Intermediate 71: 

(2R.3R.4R.5RV4-fareMoxv^ 
fluoroanilinoV-9H-purin-9-vl]tetrahvdrofuran-3-vl acetate 

15 

To a stirred solution of 2,6^i(*toro-9^2,3,5-trhO-a^ 
purine 2 (1.0g) in toluene (25ml) was added palladium acetate (50mg), 4-chloro- 
2-fluoroaniline (0.5ml) and bis[2-(diphenyfphosphino)phenyll ether 3 (120mg) and 
the reaction stirred at 20°C for 15 min. Caesium carbonate (872mg) was added 

20 and the mixture heated at 90°C for 16 hours. The reaction mixture was cooled 
to 20°C and partitioned between ethyl acetate (100ml) and water (100ml). The 
organic layer was washed with brine (100ml), dried with magnesium sulphate 
and the solvent removed in vacuo. Purification by flash chromatography on 
silica gel, eluting with ethyl acetate:cydohexane (1:1) gave the title compound 

25 (400mg). 

Mass Spectrum mfz 556 [MH*] 

z M. J. Robins and B. Uznanski Canad. J. Chem., 1981, 59(17), 2608 

3 J. P. Sadighi, M. C. Harris and S. L. Buchwald Tett. Lett. 1998, 5327-5330 

30 

Intermediate 72: 

((3aR»4R.6R.6aRV642^toro^4^lo^ 
dimethvttetrahvdrofurofSAdin.SWfoxol^vllmethanol 
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To a suspension of (2R,3R,4R,5RM-(acetyloxy^ 
chloro^4-c*loro-2-fluoroanilino)-9H^ acetate 
(400mg) in methanol (7ml), sodium methoxide, 25% in methanol, (3 drops) was 
added. On stirring for 15 min at 20°C the reaction mixture went dear. On stirring 
5 at 20°C for a further 90 min a precipitate formed. The precipitate was collected 
by filtration and dried in vacuo for 16 hours. This was dissolved in a mixture of 
acetone (15ml) and 2-2-dimethoxypropane (3ml), and para-toluene sulphonic 
acid (193mg) added. The mixture was stirred at 20°C for 3 hours. The solvent 
was removed in vacuo and the residue dissolved in ethyl acetate (50ml), 
10 washed with water (50ml) and brine (30ml), dried (MgS0 4 ) and the solvent 
removed in vacuo. Purification by chromatography on silica gel (Varian Bondelut 
cartridge), eluting with cyclohexane:ethyl acetate (1:1) gave the title compound 
as a white foam (240mg). 

1 5 Mass Spectrum 470 m/z [MH 4 ] 

Experimental details for route (Y) 

Intermediate 73: 
20 tert-Butvl 4^94(2R.3R.4R.5SV3.4-bis<a^ 
vmetrahvdrofurarH2-vdy9H^ 

To a solution of acetic acid 4R-aretoxy-5S^34ert4)utyHsoxazol-5-yl)-2R-(6- 
chloro-purirv-9-ylHetrahydro-furan-3R-yl ester (455mg) in isopropanol (20ml) 

25 was added fert4>utyl-4-amino-1-piperidinecart>oxylate (785mg) and 
diisopropylethylamine (1.03ml). The mixture was heated at 95°C for 60 h. The 
resulting mixture was then cooled and evaporated to dryness in vacuo. The 
resulting residue was dissolved in pyridine (20ml) and acetic anhydride (19ml) 
was added. The mixture was stirred at room temperature for 16h, evaporated to 

30 dryness in vacuo and redissolved in ethyl acetate (50ml). Citric acid (2 x 50ml) 
was added to the mixture and the layers separated. The aqueous layers were 
extracted with ethyl acetate (100ml). The combined ethyl acetate layers were 
dried (MgS0 4 ), filtered and evaporated to dryness in vacuo to afford the title 
product (500mg) as a yellow solid. 



35 



WO 99/67262 



PCT/EP99/04182 



131 

LC/MS (System C): R t = 3.59 min 
Mass Spectrum mfz 628 [MH*J 

Intermediate 74: 

(2R.3R,4R.5Sy4^AceMoxvyM 
ytaminoV9H-purirv9-vmetrahvdrofuran-3-vl acetate 

tert-Butyl 4^(9^(2R.3R,4R,5S^3,4-bis(acetylo^ 

yl]tetrahydrofuran-2-yJ^9H-puri^ (500mg) 
was dissolved in trifluoroacetic acid : dichloromethane (1:9, 20ml) and the 
mixture kept at 3°C for 16h. The mixture was then quenched with saturated 
sodium bicarbonate solution (100ml) and extracted with dichloromethane 
(100ml). The organic layer was washed with saturated sodium bicarbonate 
solution (100ml) and evaporated to dryness in vacuo to afford the title 
compound (407 mg) as a yellow glassy solid. 

LC/MS (system C): R t = 2.45 min 
Mass Spectrum m/z 528 [MH*] 



Intermediate 75: 

(2R3R.4R.5SV4-fareMoxvV543^^ 
fmethtisulfondtoiperMin^vto^ 

To a solution of (2R,3R t 4R,5S)^(Acetyloxy>-5^ 

(piperidin^-ylamino)-9H-purin-9-y0tetrahydrofuran-3-yl acetate (40mg) in 
tetrahydrofuran (4ml) was added methanesulfonyl chloride (0.0088ml) and 
triethylamine (0.0212ml). The reaction mixture was stirred for 16h at 20°C, and 
partitioned between ethyl acetate (2x1 00ml) and water (100ml). The organic 
layers were washed with water (100ml), dried (MgS0 4 ), and evaporated in 
vacuo to afford the title compound (36.7mg) as a colourless gum. 
LC/MS (System C): R t = 3.20 min 
Mass Spectrum m/z 606 [MH*] 
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Example 167 

(2S.3S.4R.5RV2-r3-(tert-b^^ 
vnaminoy9H-purin-9-vt)tetrahvdrDfuran-3.4-dfol 

5 

(2R,3R,4R,5S>4-(A<*tyloxy>-543^^ 
(methylsulfonyl)piperidin^yl]amm^^ 

(36.7mg) was dissolved in chilled methanol (2ml) and tert-butylamine (0.038ml) 
was added at 0°C. The mixture was kept at 3°C for 1.5h, and evaporated in 
10 vacuo to afford the title compound as a white solid (30.8mg). 

LC/MS (System C): R t = 2.69 min 
Mass Spectrum m/z 522 [MH 4 ] 

15 

Experimental details for route (Bb) 
Intermediate 76: 

(2R3R.4R.5Sy4-(aceMoxvV54^ 
20 (4-<frlorc^2-fluoruanilinol9/^purin^ 

To acetic acid 4R^cetoxy-5S-(3-acetoxymethy»-isoxaz^ 
purirh9-yl)-tetrahydro-furan-3R-yl ester (50mg) in toluene (2ml) was added 
palladium (II) acetate (2.2mg), 2,2 > -bis(diphenylphosphino)-1 # 1 , -binaphthyl (6mg) 

25 and 4-chloro-2-fluoroaniline (28.5mg). The mixture was stirred under nitrogen 
for 20min v cesium carbonate (38mg) was added, and stirring was continued at 
80°C for 24h. The mixture was cooled, diluted with ethyl acetate (25ml), washed 
with water (25ml) and brine (25ml), and evaporated in vacuo. Purification by 
automated preparative HPLC (gradient profile 5-90% (ii) over 18.5min) gave the 

30 title compound as a white solid (3.02mg). 

LC/MS (System C) R, = 3.52 min 
Mass Spectrum m/z = 623 [MH 4 ] 



35 



Intermediate 77: 
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f2R.3R.4S.5Sl242-chloro^4^loro-2-fluo^^ 
(hvdrpxvmethvl)isoxazol-5-vntetrahvdrofuran-3.4^iol 

To (2R3R4R5S)^ac*tyloxy)-543-^ 

chlorch6-(4^loro-2-fluoroanilin^ acetate 
(4.02mg) in methanol (2ml) at 0°C was added tert-butylamine (0.012ml). and 
the mixture was allowed to stand at 0 °C for 3h. The solvent was evaporated in 
vacuo to furnish the title compound as a yellow gum (2.48mg). 

LC/MS (System C) R t = 3.10min 
Mass Spectrum m/z = 497 [MH*] 



Experimental details for Route Cc 

Intermediate 78: 

(3aR.4S»6R.6aRVN'-acetvl^^ 

dimethvttetrahvdrofuror34<nf1.3]dioxole^^rbohvdiB2ide 

To a stirred solution of (3aR,4S ( 6R,6aR)^6K4-chloro^ 
9-yQ-2,2^imethyltetrahydro^ (50mg) in 

N f N*-dimethylformamide (2ml) at 0°C was added diisopropyfethylamine (28pl) 
and acetyl chloride (9mg). The reaction mixture was stirred at 0°C for 5h. The 
mixture was partitioned between ethyl acetate (20ml) and water (20ml). The 
organic layer was washed with brine (20ml), dried (MgS0 4 ) and the solvent 
removed in vacuo. The residue was purified by automated preparative HPLC 
(gradient profile 5-95% (ii) over 18.5 min) to give the title compound (25mg). 

LC/MS : R t = 2.87 min 

Mass Spectrum m/z 506 [MH*] 

Subsequent steps analogous to route A. 

Reporter Gene Experiments 
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Agonist activity was measured in Chinese hamster ovary (CHO) cells containing 
the CRE/SPAP/HYG (CRE = cyclic AMP response element; HYG = hygromycin 
resistance; SPAP = secreted placental alkaline phosphatase) reporter gene 
elements, which upon stimulation of cAMP levels produced SPAP. A cell line 
5 was used, which was stably transfected with either the human adenosine A1 
receptor or the human adenosine A3 receptor in addition to the above elements. 
Cells were plated out in 96-well plates in culture medium and incubated at 37°C 
for 1 hour. For measurement of potency, agonists were added to the 
appropriate wells at a concentration range of approximately 10' 10 - 1 O" 5 ^. 1 5Min 

10 later, cAMP levels were stimulated by addition of a maximal concentration of 
forskolin. All cells were then incubated for a further 5 hours at 37°C, and cooled 
to room temperature, after which a substrate for the phosphatase (para- 
nitrophenol phosphate. pNPP), which is converted by SPAP to a coloured 
reagent) was then added and the 96^vell plates were read in a plate reader. 

15 From these readings, the concentration-dependence of the inhibition by the 
agonist for forskolin-stimulated SPAP production can be calculated. One of the 
agonists tested on each 96-well plate was the standard non-selective agonist, N- 
ethylcarboxamidoadenosine (NECA), and the potency of all test agonists is 
expressed relative to that of the NECA standard. 

20 

(ECR = equipotent concentration ratio relative to NECA = 1) 



Table 2: Potencies in the reporter gene assay 



Example No. 


Adenosine A1 

receptor 

ECR* 


Adenosine A3 

receptor 

ECR* 


3 


4.16 


152 


4 


5.65 


152 


6 


1.71 


134 


12 


2.28 


254 


14 


5.8 


1066.71 


16 


9.6 


201 


19 


i 5.15 


172 
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21 


23.26 


321 


22 


8.75 


423 


28 


0.42 


44.7 


37 


4.19 


507 


44 


7.68 


165.54 


45 


7.36 


165.54 


51 


7.56 


587.75 


54 


20.78 


715.31 


56 


15.96 


717.99 


62 


29.47 


327 


67 


9.8 


827.66 


68 


4.09 


417.37 


108 


1.52 


254 


116 


27.26 


955 


119 


2.83 


154 


123 


4.19 


325.44 


126 


13.9 




127 


0.21 


21.62 


129 


15.5 


>199 


131 


0.15 


199.01 


132 


0.53 


>224 


133 


25.47 


466.92 


134 


3.28 


>245.4 


135 


0.48 




136 


1.95 




138 


1.31 




139 


10.64 


228 


141 


12.08 


228 


143 


19.6 


>74.1 


144 


2.8 




145 


24.9 




163 


1.34 


232 
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164 


4.3 




177 


2.01 


122 


178 


7.42 


>471 


179 


12.6 




180 


18.1 


>471 


181 


8.57 




182 


3.48 





*ECR = equipotent concentration ratio relative to NECA = 
Reporter Gene Assay) 



1 (see description in 
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Claims 



1. A compound of formula (I) which is an agonist at the adenosine A1 
receptor 



R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 
membered heteroaryl group, Ci-e alkoxy, C^alkylOtCH^ where n is 0-6, 
C* 7 cycloalkyl, Cu$ hydroxyalkyl, halogen or a Ci-e straight or branched 
alkyl, Cm alkenyl or Ci-e alkynyl group optionally substituted by one or 
more halogens. 

Y and Z represent O, N, CH t N(C^ alkyl) 
W represents CH, O, N, S, N(Ci^ alkyl) 

and wherein at least one of W and Z represents a heteroatom (and when 
Y, Z and/or W is N, the presence or absence of an additional H would be 
apparent to a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y 
represents O, R 3 cannot be H. 



NH 




wherein X represents O or CH* 



R 2 represents Cualkyl, Ci^alkoxy, halogen or hydrogen;. 
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20 



25 



R 4 and R 5 independently represent H or a C t ^ straight chain or branched 
alkyl group. 

R 1 represents hydrogen or a group selected from 

(1) -(alk)n - (C3-7) cydoalkyl, including bridged cydoalkyl, said cydoalkyl 
group optionally substituted by one or more substituents selected 
from OH, halogen, -(C^) alkoxy, wherein (alk) represents C« 
alkylene and n represents 0 or 1. 

(2) an aliphatic heterocyclic group of 4 to 6 membered rings containing 
at least one heteroatom selected from O, N or S, optionally 
substituted by one or more substituents selected from the group 
consisting of -(Ci^alkyl, -COHCi-^alkyl, -CO(d^alkyl), -S(=0)b-(Ci- 
3alkyl), -CONR a R b (wherein R a and R 6 independently represent H or 
C^alkyl) or =0; where there is a sulfur atom in the heterocyclic ring, 
said sulfur is optionally substituted by (=0)h, where n is 1 or 2. 

(3) Straight or branched Cm 2 alkyl, optionally including one or more O, 
S(=0) n (where n is 0, 1 or 2) and N groups substituted within the alkyl 
chain, said alkyl optionally substituted by one or more of the following 
groups, phenyl, halogen, hydroxy, C3-7 cydoalkyl or NR a R b wherein 
R 3 and R b independently represent hydrogen, C3-7 cydoalkyl or a Ci^ 
straight chain or branched alkyl optionally substituted by C3.7 
cydoalkyl. 

(4) a fused bicydic aromatic ring 



wherein B represents a 5 or 6 membered heterocyclic aromatic group 
containing 1 or more O, N or S atoms, wherein the bicydic ring is 
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attached to the nitrogen atom of formula (I) via a ring atom of ring A 
and ring B is optionally substituted by -C0 2 -(C^alkyl). 

(5) a phenyl group optionally substituted by one or more substituents 
selected from: 

5 -halogen, -S0 3 H, -(alkyDH, -(alk)n -cyano, -<0)n -(C^Jalkyl 

(optionally substituted by one or more halogens), - (alk) n -nitro, -(0)m 
-(alk)„-C02R c , 

•(alknV CONR c R d -<alk)n -COR c , -<alk)n -SOR e , -(alk), -SOzR 6 , -(alkV 
SOaNR^, -<alk)nOR c . -<alk)„ -(COW NHS0 2 R*. -(alk)*- NHCOR c , - 
10 (alk)n- NR c R d wherein m and n are 0 or 1 and alk represents a Ci- 

ealkylene group or C 2 -6 alkenyl group. 

(6) A phenyl group substituted by a 5 or 6 membered heterocyclic 
aromatic group, said heterocyclic aromatic group optionally being 

1 5 substituted by d-aalkyl or NR c R d . 

R c and R d may each independently represent hydrogen, or alkyl 
or when part of a group NR°R d , R c and R d together with the. nitrogen 
atom may form a 5 or 6 membered heterocyclic ring optionally 
20 containing other heteroatoms, which heterocyclic ring may optionally 

be substituted further by one or more d-a alkyl groups. 

R e represents Ci-3alkyl 

25 and salts and solvates thereof, in particular, physiologically 

acceptable solvates and salts thereof for use in therapy. 



2. A compound of formula (la) which is an agonist at the adenosine A1 
receptor 

30 
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R 1 



NH 




(la) 



wherein X represents O or CH* 

^represents Ci^alkyl, C^alkoxy, halogen or hydrogen; 

R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 
membered heteroaryl group, C^e alkoxy, Ci-6 straight or branched alkyl 
optionally substituted by one or more halogens, C3-7 cycloalkyl. Ci^ 
hydroxyalkyl or halogen. 

Y and Z represent O, N, CH 
W represents CH, O, N, S 

and wherein at least one of W and Z represents a heteroatom (and when 
Y, Z and/or W is N, the presence or absence of an additional H would be 
apparent to a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y 
represents O, R 3 cannot be H. 

R 4 and R 5 independently represent H or a C^ straight chain or branched 
alkyl group. 

R 1 represents a group selected from 
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(1) -(alk)h - (C3.7) cycloalkyl, including bridged cycloalkyl, said cycloalkyl 
group optionally substituted by one or more substituents selected 
from OH f halogen, -(Ci^) alkoxy, wherein (alk) represents C1-3 
alkylene and n represents 0 or 1. 

5 

(2) an aliphatic heterocyclic group of 4 to 6 membered rings containing 
at least one heteroatom selected from O, N or S, optionally 
substituted by one or more substituents selected from the group 
consisting of -{C^Jalkyl, -CO r (Ci^)alkyl, -CO(Ci. 3 alkyl), -S(=OMCi- 

10 3alkyl), -CONFER 6 (wherein R a and R b independently represent H or 

Chalky!) or =0; where there is a sulfur atom* in the heterocyclic ring, 
said sulfur is optionally substituted by (=0) n , where n is 1 or 2. 



(3) Straight or branched C^ 2 alkyl, optionally including one or more O f 
1 5 S(=0)n (where n is 0, 1 or 2) and N groups substituted within the alkyl 

chain, said alkyl optionally substituted by one or more of the following 
groups, phenyl, halogen, hydroxy, C3.7 cycloalkyl or NR a R b wherein 
R* and R b independently represent hydrogen, C3.7 cycloalkyl or a C« 
straight chain or branched alkyl optionally substituted by C3.7 
20 cycloalkyl. 

(4) a fused bicyclic aromatic ring 




25 wherein B represents a 5 or 6 membered heterocyclic aromatic group 

containing 1 or more O, N or S atoms, wherein the bicyclic ring is 
attached to the nitrogen atom of formula (I) via a ring atom of ring A 
and ring B is optionally substituted by -CO2 -(C^alkyl). 
(5) a phenyl group optionally substituted by one or more substituents 

30 selected from: 

-halogen, -SO3H, -(alk)nOH f -(alk)n -cyano, -<0)n -(Ci*)alkyl 
(optionally substituted by one or more halogens), - (alk^ -nitro, -{OU 
-<alk)n- C0 2 R c . 



WO 99/67262 



PCT/EP99/04182 



142 



-(alkn>- CONR°R d -(alk)n -COR c , -(alk)„ -SOR e , -(alk)n -S0 2 R e , -(alkXr 
S0 2 NR c R d , -(alk)*OR c , -<alk)n -(CO)m- NHS0 2 R e . -(alk)n- NHCOR c , - 
(alk)n- NR'W 1 wherein m and n are 0 or 1 and alk represents a Ci. 
ealkylene group or C 2 -e alkenyl group. 

(6) A phenyl group substituted by a 5 or 6 membered heterocyclic 
aromatic group, said heterocyclic aromatic group optionally being 
substituted by Ci^alkyl or NR'W. 

R c and R d may each independently represent hydrogen, or Ci-a alkyl 
or when part of a group NR°R d , R° and R d together with the nitrogen 
atom may form a 5 or 6 membered heterocyclic ring optionally 
containing other heteroatoms, which heterocyclic ring may optionally 
be substituted further by one or more C1-3 alkyl groups. 

R e represents Ci-3alkyl 

and salts and solvates thereof, in particular, physiologically 
acceptable solvates and salts thereof for use in therapy. 

A compound of formula (lb) which is an agonist at the adenosine A1 
receptor 



NH 




(lb) 
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wherein X represents O or CH* 

R 2 represents Ci^alkyl, C^alkoxy, halogen or hydrogen; 

R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 
membered heteroaryl group, C1-6 alkoxy, Cve alkylO(CH2)n where n is 0-6, 
C3.7 cycloalkyl, C1-6 hydroxyalkyl, halogen or a Cve straight or branched 
alkyl, Ci^ alkenyl or alkynyl group optionally substituted by one or 
more halogens. 

Y and Z represent O, N, CH, N(C^ alkyl) 
W represents CH. O, N, S, N(C^ alkyl) 

and wherein at least one of W and Z represents a heteroatom (and when 
Y, Z or W is N, the presence or absence of an additional H would be 
apparent to a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y 
represents O, R 3 cannot be H. 

R 4 and R 5 independently represent H or a Ci^ straight chain or branched 
alkyl group. 

R 1 represents hydrogen or a group selected from 

(1) -{alk)*, - (Cm) cycloalkyl, including bridged cycloalkyl, said cycloalkyl 
group optionally substituted by one or more substituents selected 
from OH, halogen, -{C1-3) alkoxy, wherein (alk) represents C1-3 
alkylene and n represents 0 or 1 . 

(2) an aliphatic heterocyclic group of 4 to 6 membered rings containing 
at least one heteroatom selected from O, N or S, optionally 
substituted by one or more substituents selected from the group 
consisting of -(C«)alkyl, -C02~(Ci^)alkyl. -COfd-aalkyl), -S(OMCv 
3alkyl), -CONR a R b (wherein R 3 and R* independently represent H or 
Chalky!) or =0; where there is a sulfur atom in the heterocyclic ring, 
said sulfur is optionally substituted by (=0)n, where n is 1 or 2. 
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(3) Straight or branched Cm 2 alkyl, optionally including one or more O, 
S^OJn (where n is 0, 1 or 2) and N groups substituted within the alkyl 
chain, said alkyl optionally substituted by one or more of the following 
groups, phenyl, halogen, hydroxy, C3-7 cycloalkyl or NF^R* wherein 
R a and R b independently represent hydrogen, C3-7 cycloalkyl or a C1* 
straight chain or branched alkyl optionally substituted by C3.7 
cycloalkyl. 

(4) a fused bicydic aromatic ring 



wherein B represents a 5 or 6 membered heterocyclic aromatic group 
containing 1 or more O, N or S atoms, wherein the bicydic ring is 
attached to the nitrogen atom of formula (I) via a ring atom of ring A 
and ring B is optionally substituted by -C0 2 -(C^lky!). 

(5) a phenyl group optionally substituted by one or more substituents 
selected from: 

-halogen. -SOaH, -(alk^OH, -(alk)„ -cyano, -(0)n -(Cvejalkyl 
(optionally substituted by one or more halogens), - (alk)n -nitro, -(0)m 
-<alkVC(>2R c > 

-(alko)- CONR c R d -<alk)„ -COR c . -(alk)„ -SOR 8 , -(alk)„ -S0 2 R e . -(alk)n- 
S02NR c R d , -(alk)nOR c , -(alk)n -(COW NHSO2R 8 , -(alk)*- NHCOR c , - 
(alk\r NR^ wherein m and n are 0 or 1 and alk represents a d- 
ealkylene group or C 2 ^ alkenyl group. 

(6) A phenyl group substituted by a 5 or 6 membered heterocydic 
aromatic group, said heterocydic aromatic group optionally being 
substituted by C^lky! or NR c R d . 

R c and R* may each independently represent hydrogen, or do alkyl 
or when part of a group NR c R d , R c and together with the nitrogen 
atom may form a 5 or 6 membered heterocydic ring optionally 
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containing other heteroatoms, which heterocyclic ring may optionally 
be substituted further by one or more alkyl groups. 

R c represents C^lky! with the proviso that when R 4 and R 5 both 
represent halogen, R 3 cannot represent methyl, ethyl, n-propyl, 
isopropyl, cyclopropyl, CH(OH)CH3. Ci-aalkoxy. 

and salts and solvates thereof, in particular, physiologically 
acceptable solvates and salts thereof. 

A compound of formula (Ic) which is an agonist at the adenosine A1 



wherein X represents O or CH* 

Represents Chalky!, C^alkoxy, halogen or hydrogen; 

R 3 represents H, phenyl (optionally substituted by halogen), a 5 or 6 
membered heteroaryl group, alkoxy, C1-6 straight or branched alkyl 
optionally substituted by one or more halogens, C3.7 cycloalkyl, C« 
hydroxyalkyi or halogen. 



receptor 



NH 




Y and Z represent O, N, CH 
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10 



W represents CH, 0, N, S 

and wherein at least one of W and Z represents a heteroatom (and when 
Y, Z and/or W is N, the presence or absence of an additional H would be 
apparent to a person skilled in the art) 

with the proviso that when W represents CH, Z represents N and Y 
represents O, R 3 cannot be H. 

R 4 and R 5 independently represent H or a straight chain or branched 
alkyi group. 

R 1 represents a group selected from 



(1) -(a»0n - (C3.7) cycloalkyl. including bridged cycloalkyl, said cyctoalkyl 
group optionally substituted by one or more substituents selected 

15 from OH. halogen, -(C1-3) alkoxy. wherein (alk) represents C1.3 

alkylene and n represents 0 or 1 . 

(2) an aliphatic heterocyclic group of 4 to 6 membered rings containing 
at least one heteroatom selected from O, N or S f optionally 

20 substituted by one or more substituents selected from the group 

consisting of -(Ci^)alkyl, -COHCi-4)alkyl, -CCKC^lkyl), -S(=OMCi- 
aalkyt), -CONR a R b (wherein R 3 and R b independently represent H or 
Ci^alkyl) or =0; where there is a sulfur atom in the heterocyclic ring, 
said sulfur is optionally substituted by (=0)n, where n is 1 or 2. 

25 

(3) Straight or branched C1-12 alkyi, optionally including one or more O, 
S(=0)n (where n is 0, 1 or 2) and N groups substituted within the alkyi 
chain, said alkyi optionally substituted by one or more of the following 
groups, phenyl, halogen, hydroxy, C> 7 cycloalkyl or NR a R b wherein 

30 R 3 and R b independently represent hydrogen, C3.7 cycloalkyl or a C1-6 

straight chain or branched alkyi optionally substituted by C^ 7 
cycloalkyl. 



35 



(4) a fused bicyclic aromatic ring 
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wherein B represents a 5 or 6 membered heterocyclic aromatic group 
containing 1 or more O, N or S atoms, wherein the bicyclic ring is 
attached to the nitrogen atom of formula (I) via a ring atom of ring A 
and ring B is optionally substituted by -CO2 -(Ci^alkyl). 

(5) a phenyl group optionally substituted by one or more substituents 
selected from: 

-halogen, -SO3H, -(alk)nOH, ~(alk)n -cyano, -(0)n -{C^alkyl 
(optionally substituted by one or more halogens), - (alk)n -nitro, -(0)m 
-(alkJn-COzR 0 . 

-(alkn)- CONR'R* -(alk)n -COR c , -(alk)n -SOR c , -(alkV -S0 2 R e , -(alk)rr 
SCfeNR^, -(alk)nOR c , -(alk)n -(COW NHSCfeR 0 , -<a!k) n - NHCOR c , - 
(alk)n- NR°R d wherein m and n are 0 or 1 and alk represents a d. 
ealkylene group or C2-6 alkenyl group. 

(6) A phenyl group substituted by a 5 or 6 membered heterocyclic 
aromatic group, said heterocyclic aromatic group optionally being 
substituted by Ci^alkyl or NR c R d , 

R c and R* may each independently represent hydrogen, or Ci^ alkyl 
or when part of a group NR^, R° and R d together with the nitrogen 
atom may form a 5 or 6 membered heterocyclic ring optionally 
containing other heteroatoms, which heterocyclic ring may optionally 
be substituted further by one or more C1-3 alkyl groups. 

R e represents Chalky! with the proviso that when R 4 and R 5 both 
represent halogen, R 3 cannot represent methyl, ethyl, n-propyl, 
isopropyl, cyclopropyl, CH(OH)CH3, Ci^alkoxy. 

and salts and solvates thereof, in particular, physiologically 
acceptable solvates and salts thereof. 
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5. A compound according to daims 1-4 which exhibits little or no agonist 
activity at the the A3 receptor. 

6. A compound according to claims 1-5 wherein the W, Y and Z containing 
heterocyclic groups include isoxazoles, oxadiazoles, pyrazoles, oxazoles, 
triazoles, thiadiazoles. 

7. A compound according to daims 1-6 wherein the W, Y and Z containing 
heterocydic groups are isoxazoles, and 1 ,2,4- and 1 ,3,4- oxadiazoles. 

8. A compound according to daims 1-7 wherein R 2 represents hydrogen, 
methyl, methoxy or halogen, more preferably hydrogen or chlorine. 

9. A compound according to daims 1-8 wherein R 1 may represent (alk)n- C« 
15 cydoalkyl wherein n is 0 or 1 and the said cydoalkyl is either substituted 

by at least one substituent selected from halogen, particularly fluorine, and 
OH or is unsubstituted and n is zero. 

10. A compound according to daim 9 wherein the cydoalkyl group is 
20 unsubstituted or monosubstituted with OH. 

11. A compound according to claim 10 wherein the cydoalkyl group is 5- 
membered. 

25 12. A compound according to daims 1-8 wherein R 1 may represent a 
substituted or unsubstituted aliphatic heterocydic group, the substituted 
being selected from the group consisting of -C0 2 -(Ci^)alkyl 

13. A compound according to daim 12 wherein the aliphatic heterocydic 
30 group is unsubstituted or when the substituent is -C0 2 (Ci^)alkyl t the 

heteroatom is N and the substituent is directly attached to said ring 
nitrogen atom. 

14. A compound according to daims 12-13 wherein the heterocydic ring is 6 
35 membered. 
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15. A compound according to claim 14 wherein the heterocyclic ring contains 
only one O, N or S heteroatom. 

16. A compound according to claims 1-8 wherein R 1 may represent a straight 
or branched alkyt of 1-6 carbon atoms optionally with at least one S (=0)n 
and/or N substituted in the chain; where there is an S(=0)b in the chain, 
preferably n is 1 or 2 and is unsubstituted or substituted by at least one 
OH group. 

17. A compound according to claims 1-8 wherein R 1 may represent a phenyl 
group which is substituted by one or two substituents selected from OH, 
alkyl, particularly alky! and halogen. 

18. A compound according to claim 17 wherein the phenyl is disubstituted in 
the 2,4 positions. 

19. A compound according to claims 16 and 17 wherein both substituents are 
halogen. 

20. A compound according to any preceding claim wherein R 4 and R 5 both 
represent hydrogen. 

21 . A compound selected from: 
(2S,3S.4R,5R)-2-(5-tert-Butyl-n ^ 
ylamino)-purin-9-y0-tetrahydro-furan-3,4-diol; 
4-{9-[5S-(5-tert^utyK1 ,3,4]oxa 

2R-yl]-9H-purin-6-ylamino}-piperidine-1-carboxylic acid ethyl ester, 

(2S,3S,4R.5R)-2-(5-lsopropyH1 

ylamino)-purin-9ryl]-tetrahydro-furan-3,4-diol; 

4-{9-[5S-{5-CydopropyK1 ,3,4]^ 

2R-yl}-9H-purin-6-ylamino}-piperidine-1-carboxylic acid ethyl ester, 

(2S,3S,4R,5RV2-{5-tert-But^ 

phenylamino>^rin-9-ylHetrahydro-furan-3,4-diol; 

(2S,3S,4R,5R)-2^5-Ethyk>xaz^^ 

yf)-tetrahydro-furan-3,4-dk>l; 
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(2S,3S,4R,5R^2-(3-Cydoprop^ 
cydopenHS)-ylamino)-puri^ 
(2S,3S,4R,5R)-2~(34ert^utyK1,2^ 
(S)-ylamino)^urin-9-ylHetra^ 
5 (2S.3S t 4R,5R}-2-(3-Cydopropy41,2,4]o^ 
ylamino)i>urin-9-yl]4etrahydrc>^rar>-3,4^1bl; 
(2S,3S,4R,5R)-2^34ert-ButyMsoxaOT^ 
purin-9-ylH©trahydro-furan-3,4-diol; 

ethyl 4-({94(2R f 3R t 4S t 5S>-3 > 4-dihydroxy-5-(3-methyl-1 >2,4-oxadiazol-5- 
1 0 yl)tetrahydrofurarh2-yl]-9H^^ -carboxylate; 

(2S,3S.4R,5R)-243-(tert-buttf^^ 

[(cydopropylmethyl)aminoHJH^u^^ 

(2S,3S/lR,5R)-2-[3KterM>utylM^^ 

purirv^ylltetrahydrofurarhd.^iol; 
15 (2R,3R.4S,5S)-2-[6^dopropy^ 

oxadiazol-5-yl)letrahydrofuran-3 f 4-diol; 

2^{9^(2R,3R^S,5S)-3/Wihydr^ 

yl)tetrahydrofuran-2-yq-9H^ 

(2R;3R,4S,5S}-2-[6^3A<iifluoro^^^ 
20 oxadiazol-5-yl)tetrahydrofuran-3,4-dbl; 

(2R;3R,4S,5S)-2-[6^4^loro-24!uoro^ 

1 ,2 t 4-oxadiazot-5-yl)tetrahydrofuran-3 f 4-diol; 

(2R,3S,4R,5R^2-[5^tert-but^ 

fluoroanflino)-9Hi3Urin-9-yl]te^ 
25 (2R,3R,4S,5RV2-[6-(2^hloro^fluoro^^ 

1 f 2,4-triazol-3-yl)tetrahydrofuran-3 f 4-diol; 

(2S,3S > 4R,5R)-2-(5Hydopropyl-1 f 3,4^xadiazol-2-yl>-5-[6-(tetra 

4-ylamino)-9H-purin-9-yl}tetrahydrofuran-3 ) 4-diol; 

^S^S^SR^-tS-ftert-butylH^ 
30 fluoroanilino)-9H^urin-9-^]tetrahydrofurarv3,4-diol; 

(2S,3S.4R,5R)-2-[3^terW>uty»^ 
thk>pyrarv4-yl)amino]-9H^urirv9^ 
2^(94(2R,3R,4S,5S^5-[5Ktert4^ 
dihydroxytetrahydrofuran-2^ 
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2-[(9-{(2R,3R,4S f 5S)-5-l5-{tert-butyt)-1,3,4K>xadiazol-2-yQ-3,4- 

dihydroxytetrahydrofuraiv2-yl}-9H-purin-6-yl)amino]-N-(3- 

methylphenyl)ethanesulfonamide; 

2K{H(2R^R,4S.5SV3.4^ihydroxy-5K5-methyl-1,3^xazol-2-yl)tetrahydrofuran^ 
2-yl]-9H-purin-6-yl}amino)-N-methylethanesulfonamide; 
(2R,3R,4S.5S)-2-[6^cyclopenlylaminoV9H-purin-9-yl^5^3-(methoxym 
1 ,2,4-oxadiazol-5-yl]tetrahydrofiiran-3.4-diol; 

(2S,3S.4R,5R)-2-(5-ethyl-1.3,4-oxadiazol-2-yl>-5-[6-(isopropylamino)-9H-purin-9- 

yt]tetrahydrofuran-3,4-dfol; 

(2R,3R/4S.5S)-2-(6^[(1S.2S}-24iydroxycydo 

methyH ,3,4-oxadiazol-2-yl)tetrahydrofurar»-3,4-diol; 

(2R,3R.4S,5S)-242^lorT>^-[(1-ethylpropyl)aminoJ-9H-purirv-9-yl}-5-(3- 

cydopropyJ-1,2,4-oxadiazol-5-yl)tetrahydrofuran-3,4-diol formate (1:2); 

(2R,3R,4S,5SV2-[2-Chtoro^1^thyH>ropyl^ 

[1 ,2 ,4]oxadiazol-5-ylHetrahydro-furar>-3,4-diol diformate; 

(2S,3S/4R.5R)-2^3H>thylisoxazol-5-yl^ 

purin-9-yl]tetrahydrofuran-3 ( 4-diol; 

(2S,3S.4R,5R)-2-{3-ethyl»soxazol-5-yt)-5-(6-{l(1S,2S)-2- 

hydroxycydopentyqamino}^Hi>urirv.9-yl)tetrahydrofuran-3.4KJfol 

ethyl 4^{9^(2R.3R,4S.5S)-5-(3^thylisoxazo^ 

2-ylJ-9H-purin-6-yl}amino)piperidine-1 -carboxylate; 

(2R,3S,4R,5R>245KterM>utylHH-1.2/Mri^^ 

4- ylamino)-9H^urin-9-yl]tetrahydrofuran-3.4KJIol; 
(2R.3S/4R,5R)-2^5HSopropyWH-1.2>triaro^ 
ylamino)-9H-purin-9-y0tetrahydrofuran-3,4-diol; 

(2R,3R.4S,5S>242^loro^2^toro^fluoroanilinoV9H-purin-9-yI]-5-(5- 

methyl-1,3-oxazol-2-yl)tetrahydrofuran-3,4-diol; 

(2R.3R.4S,5S)-2^6^4^hloro-2-fluoroa^ 

5- y!)tetrahydrofuran-3 t 4-diol; 
(2R,3R/4S.5S)-246K4^toro-2-fluoroaniliro^ 

5-yl)tetrahydrofuran-3,4-diol; 

(2R,3R^S,5SV2H2K*loro^tetrahydro-2H^yrar^ 

(3-ethylisoxa2X)W5-yl)tetrahydrofurar>-3,4-dtol; 

ethyl 4.({2-^loro-9-[(2R.3R.4S,5S)-5-{3-ethylisoxazol-5-yl)-3,4- 

dihydroxytetrahydrofurar*-2-yl}-9Hi>urin^^ 
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(2R t 3R,4S,5S)-2.(2<hloro^(1S^S)-24iydroxycydopentyt]amino 

ylJ-S^^thylisoxazol-S-ylJtetrahydrofuran-a^iol; 

(2R.3MS t 5S)-2^2^loro-6HI2^et^ 

ethylisoxazol-5-yl)tetrahydrofuran-3 t 4-€lbl; 
5 (2R,3R.4S,5S)-2-[2H*loro^4^to^ 

ethylisoxazol-5-yl)tetrahydrofuran-3 f 4-diol; 

(2R,3R,4S,5S)-242^loro^2K*lo 

ethylisoxazol-S-ylJtetrahydrofuran-S^iol; 

(2R,3R/lS,5S)-2^2^lor<>^2-fluo^^ 
10 yl)tetrahydrofuran-3,4-dk>l; 

(2R,3R,4S,5S>-242^hloro^2^lora^ 

5-yl)tetrahydrofuran-3,4-diol; 

(2R t 3R,4S,5S)-2-(64[(1S^SV2-hydroxycydopentyl]aminoK9 

(hydroxymethyl)isoxazol-5-^ 
1 5 ethyl 4-[(9^(2R,3R/*S,5S)-3 Adihydro^ 

yQtetrahydrofuran-2-yl}-9Hi>uri^ 

(2S i 3S > 4R f 5R>-2-[3^hydroxymethyl)isoxazDl-5-yl^^ 

ylamino>9H-purin-9-ylltetrahydrDfuran-3,4-dfol; 

(2R,3R/4S,5S)-246K4^torT>-2^^ 
20 yl)tetrahydrDfuran-3,4-diol; 

(2R^R^S,5S)-24^2^loro^fl^ 

yl)tetrahydrofuraiv3,4-diol; 

(2S.3S/4R t 5R>-2^3^foylisoxa^ 

yQtetrahydrofuran-3 f 4-diol; 
25 (2R,3R,4S,5S)-2-[6^2^loroantliro^ 

yl)tetrahydrofuran-3.4-diol; 

(2S,3S/lR f 5R>-2^tert^utyl)^ 

9H-purirv9-ylJtetrahydrofuran-3 > 4Kliol; 

(2R,3R/lS,5R)-242<hloro^<1^th^^ 
30 ethylisoxazol-3-yl)tetrahydrDfuran-3,4-<liol formate; 

(2S;JS/lR,5R}-2^34)romoisoxazot-5^ 

9-yI}tetrahydrofurarv3.4-diol; 

(2S,3S,4R,5R)-2^tert4>utyl)iso^ 

y0amirx>}-9H-puri!v9-ylft^^ 
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(2S,3S,4R t 5R)-2-[3-(tert4>ut^ 
yOaminoJ-SHiwrirv^ylJtetrahydrDfuran-a^iol; 

(2S,3S,4R,5R)-2-[3^tert^uM 

4-y0amino}-9H-purirv9^ 
5 (2S,3S/4R,5R^2-[3^tert^t^ 

yllamino^HiJurirv^ylJtetrahydrDfuran-S^id^ 

(2S,3S t 4R f 5Ry2^3-(tert4>^^ 

fluoroanilino)-9H-purin-9-yl]tetrahydrofuran^.4-diol; 

(2S,3S,4R,5R)-243-(tert4>^ 
1 0 fluoroanilino)-9H-purin-9-ylltetrahydrDfuran-3 f 4-diol; 

2-[(9^(2R.3R.4S,5S)-5~[3-(tert-bu^^ 

2-yl^2^loro-9H^urin^yl)aminol-N-ethylethanesulfonamide; 

2-[(9^(2R,3R/tS f 5S)-5-[3-(tert^u^ 

2-ylJ-2^loro-9H-purin^yl)amino^ 
15 (2S,3S t 4R,5R>-243-(tert-butyl)is^ 

4-ylamino)-9H^rin-9-yf]tetrahydrofuran-3 f 4-diol; 

(2R,3R/IS,5S)-2^6^4^loro-2-fluora^ 

ylisoxazol-5-yl)tetrahydrofurai>3 f 4-dlol; 

(2R.3R,4S t 5S)-2-[6^4^loro-2^ 
20 bydroxybutyl)isoxa2ol-5-ylJtetrahydrofuran-3,4-diol; 

24(9^(2R,3R,4S.5S)-5-[3^tert4w^ 

2-yl}-9H^urirv^yl)aminoKN^thytethanesulfoaamide; 

(2R f 3R f 4S,5S)-2^6-(c^opentyte^ 

1 ,3 t 4-oxadiazol-2-yIltetrahydrofuran-3,4-dio); 
25 (2R.3R,4S t 5S)-2^6^(1S,2S>-2-hydro^ 

(trifluoromethylM .3,4^xad^ 

ethy! 4-[(9^(2R,3R/4S,5S)-3 A^ihydro^^ .3.4-oxadiazol-2- 
yl]tetrahydrofurarv2-yl}-^^^ 
(2R,3R,4S,5S)-246^4^loro-2-fluo 
30 oxadiazo^-ylJtetrahydrofuran-S^-diol; 
(2R f 3R/*S,5S}-2-[6-(4M*loro-2-fluora^ 
cydopropyiisoxazol-5-yt)tetrahyd rofuran-3, 4-diol; 
(2S,3S,4R f 5R)-2^3-(tert-butyl)to^ 
9H-purin-9-yt}tetrahydrofuran-3 v 4-dbl; 
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isopropyl4-[(9^(2R t 3R f 4S,5S)-543^tert-butyl)isoxazol-5-ylJ^^ 

dihydroxytetrahydrofuran-2-y^ 

(2S,3S f 4R,5R)~2-[3^tert^ 

trifluoroac*tyl)piperkJin^^ 
5 methyl 4^(94(2R t 3R,4S,5S^3^tert-butyl)isoxazol-5-yl]-3 i ^ 

dihydroxytetrahydrofuran-2-y^ 

(2R,3R/*S,5S)-2-l6-(4^loro-2-flu^^ 

(hydroxymethyl)isoxazok5-yl]tetrahydrofuran-3,4<lio 

(2R.3R,4S,5S)-2-[H2^lort>4-fto^ 
1 0 (hydroxymethylJisoxazol^yQtetrahydrofuran-S^ iol; 

(2R,3R/4S,5S)-2-[6^2-fluoroanilino)-^^ 

5-yfltetrahydrofuran-3,4-diol; 

(2R,3R f 4S,5S^2-[6-(2-chlora^^ 

(hydroxymethyl)isoxazol-5-yl]t^^ 
15 (2R,3R,4S > 5S)-2-(2-chloro^(1S > 2S>2^ydrDxycydope^ 

yl)-543^hydroxymethyl)isoxazol-^ 

(2R f 3R,4S t 5S)-2-[2^loro^teta^ 

[3-(hydroxymethyl)isoxa2X>l-5^ 

2-[(2K*loro-9^(2R,3R,4S,5^ 
20 yl]tetrahydrofuran-2-yl}-9H^uri^ 

ethyl 4^(2^toro-9^(2R,3R,4S,5S}3 l ^ 

5-yfltetrahydrofurarv-2-yl^ 

(2R f 3R,4S,5S)-2-[2^loro^4^to^ 

(hydroxymethyl)isoxazol-5-y$^^ 
25 (2R,3R f 4S,5S)-2^2^lor<>^2<hto 

(hydroxymethyl)isoxa2ol-5-yt]tetrahydrofurai>3,4-diol; 

(2R,3R^,5S)-242^hloro^2-fluoroa^^ 

(hydroxymethyl)isoxazol-5-yl]tetrahydrofuran-3,4-dfol; 

(2S,3S,4R f 5R)-2^3^thylisoxazo^5-y^^ 
30 ylamino^H-purin-g-ylltetrahydrofurarvS^iol; 

ethyl 4^{9-[(2R3R,4S,5S)-5-(3^thylisox^ 

2-yI]-2^ethoxy-9H-purin^yl}amino)piperidine-1^rboxylate; 

(2S,3S t 4R.5R>-2^3^thylisoxazol-5-yl)-5^6-{I(1S,2S)-2> 

hydroxycydopentyf]amino}-2-metho^ 
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(2S,3S,4R,5R)-2-(3-ethyKsoxa^ 

methoxy-QH-purin-S-ylJtetrahydrDfuran-a.A-diol; 

(2R,3R,4S,5S)-2-[6-(2-chloro^uoroan^^ 

ethylisoxa2ol-&-yl)tetrahydrofuran-3 > 4-diol; 

(2S,3S,4R,5R)-2-{3^thylisoxa^ 

purirv9-yf]tetrahydrofuran-3,4-diol; 

(2R,3R,4S,5S)-2-[6-(4-<*loro-2^^ 

ethylisoxazo>-5-yl)tetrahydrofurarv3»4-diol; 

(2S,3S,4R,5R)-2-[3-(tert-butylH.2,^ 

purin-9-yt]tetrahydrofurar>-3 ( 4-diol; 

(2S t 3S,4R.5R)-2^5-(tert-butyl)-1 t 3 > 4^xadiazol-2-ylh5-[2^hlor^ 
fluoroanilino>-9H-purin-9-yl]tetrahydrofuran-3,4-dk)l; 
(2R,3R,4S,5S)-2-[6-{4-chloiT^^^ 
oxadiazol-2-yl)tetrahydrofurarv3 f 4-diol. 



22. A pharmaceutical composition comprising compounds of claims 1-21 
together with a pharmaceutical^ acceptable diluent or carrier. 

23. Use of a compound according to claims 1-21 for the manufacture of a 
medicament for the treatment of a patient suffering from a condition where 
there is an advantage in decreasing plasma free fatty acid concentration, 
or reducing heart rate or which subject is suffering from or susceptible to 
ischaemic heart disease, peripheral vascular disease or stroke or which 
subject is suffering pain, a CNS disorder or sleep apnoea. 

24. A method of treating a patient suffering from a condition where there is an 
advantage in decreasing plasma free fatty acid concentration, or reducing 
heart rate or which subject is suffering from or susceptible to ischaemic 
heart disease, peripheral vascular disease or stroke or which subject is 
suffering pain, a CNS disorder or sleep apnoea comprising administration 
of a therapeutically effective amount of a compound of claims 1-21 . 



INTERNATIONAL SEARCH REPORT 


trc> ftiorud Application No 

PCT/EP 99/04182 




^gnl^tolrttamaltonalPa^ 


n FIFI fVt VARTMFD 


Minima documdmalion aoarched (ctasafication sytfwn toOowod by daofltearton symbols) 

IPC 6 C07H C07D 




"eadraifcdaiaboaocofWiJtoddurtngma international eearch iname ol database and, ^wpracti^ search terms usod) 


C DOCUMENTS CONSIDERED TO BE RELEVANT - 




Category' 


Citation of document, wth indication, where aputupiiate, ot the relevant passages 


IMBMAItocWRlNOb 


A 

A 
A 


WO 98 01459 A (NOVONORDISK AS) 
15 January 1998 (1998-01-15) 
cited in the application 
claims 

UO 98 01426 A (CHOI SLEDESKI Y0N6 MI 
; PAULS HENRY W (US); EWING WILLIAM R (US); 
M) 15 January 1998 (1998-01-15) 
cited in the application 
claims 

WO 98 16539 A (NOVONORDISK AS ;KNUTSEN 
LARS (68)) 23 April 1998 (1998-04-23) 
cited in the application 
claims 

-/- 


1-24 
1-24 

1-24 


[xj F * 


heroocumeftoaroOatadtrithe corttnuatton of box C. [xj Patent tan*y rnembom are fistod In annex 


•S0edrfcato9orte©clc«oddoc»jmerte: ^ tatv<teumBrtp ^ M8rW<J aitorO» Wematienat BUng date 

ocpr1oi*ydatoa«lr»«hcoi^w*hthe appKatenbU 
•A* doeuT>rxt<wmb9the9»n^otEtoofth* art which b not c«od to understand theprlrw^ or theory urtiartylngtne 
oor^rJM8dtoboofp«fttouiarre«avaiwo invention 

V eaiflordocunwrtbtfptatehedw Warnational do<umento4partfcuUirrolQvan^ fcwortton 

65ngdai» cannot be consumed novel or cannrtbocone«ared to 

V document whk* may thrt»dc«^ ctalm<*)or Irrvorveaniw^etapwr^ takenalone 

whkhiic^toesiatjitthlhepUsfca^ *r* document ot partfcuter wkwanco: tf» ciairoed insertion 
ctatton or other asocial reason (a© epecfted) cannot bo conardored to rwoiv© an irrvont*a stop whan tr» 




Data of the actual cotnpttUon of the Womattorial eearch 

5 October 1999 


Date ofmafcTngd the haatrailorMi eoa»ch report 

13/10/1999 




Name and rna«ng adareee ot (he ISA 

European Patort Otflco, PA 5818 Patanttaan 2 

Tel (+31 -TO) 340-2040. Til 31 651 epo rt. 
Fa* (+31-70) 340-3016 


Chouly, J 





Ron PcmMOlO (MevrttJMQ (My 1MB 

page 1 of 2 



1 



INTERNATIONAL SEARCH REPORT m 0on-Ap ^ talUoi , Mo 

PCT/EP 99/04182 


CtCeodnuMtoO) DOCUMENTS COMSIDCHED TO BE RELEVANT 






atatfcxi o» document, wth irxSJcatton.w>x>r» appropriate. o( l»» ratovart passages 1 




P.A 


WO 98 28319 A (6 ED EN JOANNA VICTORIA ;C0X 
BRIAN (GB); HOBBS HEATHER (6B); GLAXO G) 
2 July 1998 (1998-07-02) 
claims 


1-24 



Awn KDBMM twrtMfan at omMm« (A* 1 «W 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



• TtaDona! appftcation No. 
PCT/EP 99/04182 



Box I Observations where certain claims were found unsearchable {Continuation of Item 1 of first sheet) 



This International Search Report has not been established in respect ol certain claims under Article 17(2Ka) tor me toDowing reasons: 



1. fit] CteimsNoa: 24 

' — because they relate to subject matter not required to be searched by this Authority, namely: 

Remark: Although claim 24 

is directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2. r~J Claims Nos.: 

— because they relate to parts of the international Application that do not comply with the prescribed requirements to such 
an extent (hat no meaningful international Search can be carried out. spedficaOy: 



a Claims Nos.: 

— because they are dec* rxtem claims and a^ 



Box it Observations where unity of Invention Is lacking (Continuation of item 2 of first sheet) 



This international Searching Authority found multiple inventions in Ms International application, as follows: 



1. I | As an required additional search tees were timely paid by the applicant this Irrtemabonal Search Report covers afl 
■ — ■ searchabto cteims. 

2- n As all searchabtedaJms could be searched payment 
— c4 any additional tee. 



a I I As onry some of ttte required addition 

1 — I covers ortfy mose claims tor which tees *era paid, soeaflcaily ciaims Nos,: 



4. No required additional search fees were timery paid by the applicant Consequently, this International Search Report is 

— restricted to the invention first mentioned in the claims: it rs covered by claims Nos.: 



Remark on Protest | \ The adrJaoru* search fees wot 

| | No protest accompanied the payment of additional search fees. 



Form PCT ASA/2 10 (ccntinuabon of first sheet (1)) (July 1996) 



INTERNATIONAL SEARCH REPORT 


tnt UonjJ i 


application No 


ntofiMtlOfi on patent furttfy im 




PCT/EP 99/04182 


Patent document j Publication 
cited tn search report date 


Patent tamfly 
members) 


Publication 
date 


WO 9801459 A 15-01-1998 


AU 3255097 A 


02-02-1998 



U0 9801426 



15-01-1998 



AU 
CZ 
EP 
NO 
PL 



3645497 A 
9900024 A 
0912520 A 
990063 A 
331036 A 



02-02-1998 
12-05-1999 
06-05-1999 
08-03-1999 
21-06-1999 



W0 9816539 A 23-04-1998 AU 4377397 A 11-05-1998 

W0 9828319 A 02-07-1998 AU 5762298 A 17-07-1998 

NO 993114 A 23-08-1999 



RmPCTBHttWOl— I— > wtm <Mt »««» 



